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The goals of waste procossors and packagers obviously 
differ: the packaging industry seeks durable container material that 
will be uniapaired by external factors, until recently, no systenatic 
analysis of the relationship between packaging and solid waste 
disposal had been undertaken. This three-part docuieni defines- these 
interactions, and the differences, with possible solutions, are 
explored. Part I discusses packaging aaterials, consuaption data froM 
1959 to 1966, and the outlook for the period froM 1966 to 1976. Part 
II, concerned with disposability, analyzes the collectability , the 
resistance to disposal and processing, and salvageability and re-use 
of packaging materials. Part III explores aschanisas to aitigate the 
problems that arise from this type of waste: how research, education. 
Incentive prograas, taxes, and regulations can reduce the quantity 
and reduce the processing difficulties of this disposed material, yet 
save the natural resources from which packages are made. 
(Author/JP) 
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Packaging mA solitl »a8te3 are closely linked in public awareness. Oottie$« 
cans, plaslfc and paper wrappings and carious are all too^visvble-discatds around 
us. What the public sees as litter lias been conrirmed as a generaUolid waste problem 
with many facets. As pointed out in this report, 52 million tons of packaging mate* 
rials were produced and used in the United State3 in 1966. Only 10 percent of this 
amount was reused or recycled back into industrial raw material channels. Ninety 
percent became solid wastes, accounting for over 13 percent of tlie Nation*8 total 
volume of solid wastes from residential, commercial, and industrial sources. 

Packaging is increasing much more rapidly than population. Kstimatcd national 
per capita consumption of packaging materials was 401 pounds in 1958,525 pounds 
in 1966 and will be 661 pounds by 1976. Such increases are caused by several 
factors— Self-service merchandising, ever-advancing production technology, public 
desire for conveiucnce, general affluence^ and the pervasive nature of packaging. 

We have seen the trend toward prepared and packaged foods that lighten the 
housewife's kitchen chores. Hut packaging has also become an important part of 
the sales pitch. As many a woman who has bought a beautifully packaged jar of 
face cream can tell you, the media is the message. The 4. color- process package 
of baby string beans sells the box^ wliilc the set of screw drivers in the blister pack 
sends dad home from the liardware store v^ iilx the set instead of llie single tool. 

To a large extent the aims of packaging and of solid waste disposal are mutually 
exclusive. The packager wants — and technology is developing— a container that 
won't burn, break, crush, degrade* or dissolve in water. The waste processor wants 
a package w bich is easy to reduce by burning, breaking, compaction, or degradation. 
The final objective of solid waste management is'to reduce the total (juantities 
of solid waste and unsalvageable materials through recovery and reuse. In an 
ideal system, packaging materiats would never be discarded— they would be 
reprocessed by industry anil made into new packages or other products. 

Packaging does indeed pervade our culture. Now ami i'or the immediate 
future wc will have to <leal witfi the disc vrded portions of 52 million and more 
annual tons of these materials. The present report is, wc feel, a significant explora- 
tion of the nature of this problem. 

— KicifARO D. Vaugiian» Director, 
Bureau of Solid H aste Management. 

SUAIAIARY 

This document presents the findings of a research effort to define the role of 
packaging in waste disposal in the 1966 to 1976 period. The report is divided into 
three parts: 

• Fart I presents historical packaging material consumption data for 
the 1958 to 1966 period, a forecast of packaging material consumption 
to 1976, and a discusMon of the economic, technological, marketing, and 
<lemographic trends and forces underlying the forecast. 
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# Part II analyzed tlic dUposability of packaging niateriaU in 1966 and iu 
1976. The quantitative solid Kaslo burden imposed hy packaging in the 
two years U discussed, as well as collection problems engendered by 
packaging^ and packaging material resistance to disposal processing* 

# Part III is an exploratory analysis of the various jncchanisms that might 
be employeil for mitigating the problems caused by packaging materials 
in waste disposal* 

These above sections arc followed by two appendices. Appendix I presents 
tabular materials that will permit interested persons to follow the route by which we 
arrived at our Disposal Kesistancc Index figures. Appendix II is a bibliography of 
literature used as background for this analysis. 

All tabular and graphic materials are numbered consecutively throughout the 
rciiort, as are all reference citations. The references cited are found listed at the 
end of the report in the section preceding the appendices. 

Part I 

In 1966, 51.7 million tons of packaging materials were produced and sold in 
the United Slati s. Of this massive tonnage— made up of many billions of individual 
units^ most of them weighing much less than a pound each— about 90 percent en- 
tered the stream of solid wastes that had to be disposed of, thus accounting /or 
about 13 percent of the 350 million tons (9»7 pounds per person per day) of resi- 
dential, commercial, and portions of industrial wastes generated.* 

The 1966 tonnage was well above 19v^8 packaging materials consumption. 
In 1958, 35.4 million tons were consumed in the United States. And in 1976, con* 
sumption of packaging materials across the nation should have increased to 73.5 
million tons, up 21.8 million tons from 1966. 

Packaging is increasing in quantity much more rapidly than population. Per 
capita consumption of packaging materials was 404 pounds in 1958, 525 pounds in 
1966, and will be 661 pounds by 1976. 

Many factors underlie this dramatic increase, but chief among them is the 
continuing rise of self-service merchandising^ creating a growing need for packages 
that sell the product without the help of a sales clerk. This accounts for much of 
the quantitative increase. 

Qualitative changes will be brought about by the need for improved product 
differentiation by packaging methods (another result of self-service merchandising 
requirements), the rise of many new food products which call for unique packaging 
solutions (instant foods, freeze-dried fomis, etc.), and the vastly expanded choice 
in materials provided the package designer by the advent of plastics and other 
relatively new packaging materials* 

In spite of these forces, the relative importance of the basic packaging mate- 
rials—paper, glass, metals, wood, plastics, and textiles— will remain about the 
same throughout the 1966 to 1976 period. Paper and paperboard which accounted 
for 54»8 percent of all packaging by weight in 1966, will represent 56.9 percent of 



* Kxchide* agricultural wastes (1.3 bitlion tons a year), luining wastes (1 htllion tons per 
year), scrap}>ed automobiles (6 million units or about 15 million tons per year)» anJ building 
rubble, for which wc have no estimates. 
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packaging in 1976. NfetaU ami glass witl aUo maintain their propcirtiond of the 
marketvBoth \>ood and textiles will Jedinc 8ome\shat» Only in plastics packaging 
materiats will there be a dramatic change: ptascicst >vhjcli beM 2.4 percent of the 
packaging market by weight in 1966» will have <IouMe<l their share by 1976. 

Part II 

Of packaging materials consumeJ in 1966, approximately 46.5 million tons 
were discarded as waste; the remaining 10 percent was returned for reuse or re- 
processed into new products. 

Collection and disposal of thia tonnage cost the nation $419 million in 1966, 
Assuming no increase in the costs of collection and <lisposab which is unlikely, ex- 
penditures on the disposal processing of packaging materials will stand at $595 
million in 1976, up by 1176 million. In that year, 66,2 million tons of packaging 
will have to be handled as waste. 

Collection of the increase alone, some 19.7 million tons, will require nearly 5 
niiliion collection trips in 1976; trips that did not have to be made in 1966, and 
which w ill call for the addition of some 9»500 new collection vehicles at a cost ranging 
between 1135 and $190 million. 

Collection will be more difficult for several reasons: a dramatic increase in 
one-way beverage containers is expected to intensify the litter problem* the uncom- 
pactcd density of packaging material wastes will decrease because lighter and more 
resilient materials will have gained a proportionately larger share of packaging 
markets (measured in weight); ^nd compacttbility of packaging wastes will have 
deteriorated slightly* 

To measure the difficulty of processing packaging wastes in the five basic 
disposal and/or reduction processes, a rating system was developed by MHl to 
establish the relative resistance of various packaging materials and package config* 
urations to the requirements of processes, Uesistance was measured on a j&cale from 
100 (indicating no resistance) to 500 (indicating complete unsuitability of the 
material for the process). Overall, packaging materials received a rating of 132 in 
the year 1966 and 148 in the year 1976, indicating that processing will be consider- 
ably more difficult in 1976 than it was 10 years earlier. 

By far the greatest impact on the resisiancv- measure will he brought about by 
changes in the type of process used for waste disposal. The increasing percentage of 
material handled by sanitary landfdling and incineration will account for 94 percent 
of the increase in the resistance index value. Changes in the relative dominaace of 
materials and package configurations will account for tlie remaining 6 percent of the 
increase. 

Considerable space is devoted in this part of the report to the salvage and 
reuse of packaging materials. The findings indicate that packaging materials play 
an extremely small part in Jhe secondary materials industry. Willi the exception of 
corrugated paperboard^ ot which about 20 percent is reuscds and minute quantities of 
steel and aluminum cans* most other packaging materials never enter reuse channels. 
The salvage industries in general are poorly equipped technologically to handle 
heterogeneous material mixtures and the increasing number of material combina- 
tions which packaging presents. Secondary materials arc not sought extensively by 
raw materials processors because virgin resources are frequently cheaper to process. 
Pficcft of secondary materials are often too low for profitable salvage operations. 
Without external intervention* salvage will continue to decline in importance. 
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Part III 

In i\m part of the report, ftve typea o( mechanUms are discusseil as possible 
avenues to tUe mitigation of problems created by packaging materiaU in waste 
disposal: (1) researcli ami development^ (2) educational efforts, (3) incentive and 
subsidy programs, (t) taxes, and (5) regulation. These mechanij^ms are evaluated as 
possible means to: 

# Reduce the quantity of packaging materials used 

# Reduce the technical difficulty involved in processing packaging wastes 

# Reduce the destruction of valuable natural resources from which packages 
ate made 

Research and Development (R&D) 

This mechanism would be applicable to the reduction of difficulty in processing 
waste packages and in promoting reuse and recycle of packaging materials. Three 
types of R&D are possible: research on materials and containers, R&D devoted to 
improving salvage and reuse, and efforts aimed at improving disposal technology. 
The last item is beyond the scope of this investigation but appears to be an area 
of considerabie potentiaL Materials research does not offer foreseeable near^term 
success. Research to improve the technology of salvage, particularly development 
of materials separation techniques, is cited as the most promising activity of those 
discussed* 

Educational ECfotta 

Educational programs directed at three groups are discussed— industry pro- 
grams, consumer education, a\ i intra-government information programs. Basic to 
all of these is the assumption that one of the constraints to action on the part of 
all those involved is unfamiliarity with the problems created by packaging. Once 
the problems are fully understood, voluntary action to mitigate the problems may 
be forthcoming* 

Inc^ntivecj and Subsidies 

Incentive type programs wovdd be effective in reducing the technical difficulty 
of processing wastes and in improving salvage. Use of the government's purchasing 
power would be one means of accomplishing tlie first aim; subsidy of salvage opera- 
tions by price supports of hccondary materials and by support of suitable technology 
by tax credit or direct funding programs would accomplish the second. 

Taxes 

Two types of taxes are discussed: a use tax, imposed on all packages, and a 
deterrent type tav, selectively imposed on specific materials. A packaging use tax 
would not directly result in reduction of package material use, reduction of proces- 
sing difficultyvor in elimination of destruction of natural resources. It would, 
however, create the economic wherewithal for the processing of these wastes. 
Justification of a use tax would be easier than justifuation of a deterrent tax. For 
maximum cffeclivene^s, however, a packaging use tax would call for extensive 
administrative machinery, 

A deterrent type tax would be difficult to justify and would be limited in effec- 
tiveness. Regulatory action would be the more effective mechanism for curbing the 
use of a material or container type deemed unacceptable from the waste disposal 
standpoint, 
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Regulation 

Regulation of packaging woiiKl be the luosl effective mechaQism to accomplish 
the objeetiveu. It would be difficult to justify such activity, however, because the 
problems created by packaging materials are primarily economic problems. Given 
the trementlously complex nature of packaging, regulation, to be effective, would 
tend to embrace all activities directly and indirectly concerned with packaging. 
The costs of such a program appear to be potentially greater than the benefits that 
may be expected. 
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This report on the role of packaging in solid waste* for the period of 1966 to 
1976 was prepared by Midwest Research Institute pursuant to Contract No. 
PH 86-67-114, with the Public Healtli Service, U,a Department of Health, 
Education, and Welfare. The statements^ findings, conclusions, recommendations, 
and other data in this report do not necessarily reflect the views of the Department 
of Health, Education, and Welfare. 

Principal investigators w*ere Mr. Arsen Darnay (project manager) and Mr. 
William K. Franklin. Valuable staff support w*as provided to the investigators by 
Dr. T. D. Bath, Mrs. Margaret Cosselte, Mr. R. E. Gustafson, Mr, J. B. Maillie, 
Mr. J. H. Stierna, and Dr. A. E. Vandegrift. Mr, John McKelvey, Assistant Di- 
rector, Economic Development Division, had responsibility for general supervision 
of the project. 

Many individuals and organizations provided information, advicCi commentary, 
and suggestions to the research team. We should hke to express our thanks and 
appreciation to all those who collaborated in this enterprise. 



A study effort encompassing an entire industry, especially one as diverse 
and dynamic as packaging, could not have been accomplished without the active 
participation and assistance of many companies, associations, independent re- 
searchers, and government agencies. The cooperation and help given to the research 
team by all these organizations has been outstanding and far surpassed the norm 
common in research. Wc are pleased to acknowledge our indebtedness to all for 
the value of this report, white retaining full responsibility for errors or omissions. 

Space does not permit a complete listing of all participating organizations, 
but we should like to acknowledge a special debt to the following: 
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The Outlook for Packaging, 1966 to 1976 



INTRODUCTION 

In Part I of this report* the outlook for packag- 
ing matoriaU in the 1966 to 1916 period U dis* 
cUBsed. Analysis of the disposability of packaging 
materials is reserved for Part II, and discussion 
of various actionem which may be taken to mitigate 
the solid waste problems arising from packaging 
materials is taken up in Part IlL 

A general description of the methodology is 
presented first. Next a general overview of 
packaging is presented, followed by an analysts 
of general trends affecting the future of packaging 
as a whole. Thereafter/ separate sections arc 
devoted to each basic packaging material catc* 
gory. Finally, the forecasts arc summarized in 
the concluding section of this analysis. 

MKTHODOLOGY 

In this section^ some overall observations are 
made about the methods used to arrive at fore** 
casts in Part I of the report. Considering the 
breadth of the analysis sad the* multitude of 
individual material and configurational categories 
that were treated* the following discussion is 
perforce general in nature; U is impractical to, 
trace the method by which each specific packaging 
material or configurational grouping was forecast. 
Approach 

The general metliodological approach to this 
study involved the acquisition and evaluation of 
both quantitative and qualitative inputs about 
packaging on which judgments about the most 
likely developments in packaging could be niade» 
Separate forecasts \scre prepared for each packag- 
ing material and configurational category. These 
forecasts were then reconciled with one another 
and tallied to obtain an overall prediction of 1916 
packaging materials consumption. 

Packaging materials were first identified, and 
eonsumption data for the 1958 to 1966 period 
were gatliered in as much detail as possible. 
Statistical data serNcd aa a starting point for 
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forecasts. Units of measure (dollar sales, units 
such as grossrbase boxes, square feet, tons, etc.) 
were converted into pounds to establish a com* 
parable quantitative base in a unit of measure 
which would have the most meaning from a solid 
waste processing standpoint. Such an approach is 
unique; in most packaging studies* the most 
common uniform measure used is vj>lue of ship, 
ments expressed in dollars. 

Since many types of packaging applications 
depend on broad economic and socioeconomic 
movements (food consumption, for instance, 
follows population growth and disposable in* 
come trends), historical trends were examined 
with care. The initial forecasts of 1976 consump* 
tion, for instance^ were based on the 1958 to 1966 
rate of change within material and configurational 
categories, their growth or decline, whichever 
applied* Few of these initial forecasts were allowed 
to stand. Most were modified, some drastically, 
on the basis of qualitative analysis of trends in 
technology, marketing, cost^ and other factors. As 
part of this study, extensive correlation analysis 
(regression analysis) was undertaken to deter- 
mine if packaging material consumption could be 
correlated positively with various economic and 
demographic indicators (for instance, grocery 
store sales, expenditures on recreation, number 
of working wives in the labor force, etc.)« Al* 
together, the correlation between each of 42 indi- 
cators and each of 47 packaging categories was 
measured, using computer techniques. No signifi* 
cant correlations were discovered, however, prob- 
ably because the eight data points used (1958 to 
1966) were too few. 

Much effort in the research was devoted to 
identification of trends in technology and evalua- 
tion of significant developments taking place or 
likely to take placf. in the future. Two types of 
developments received attention: intcrnaf changes 
in packaging that center primarily on inter- 
materials competition, new materials and config- 
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urations, clianging cost struclured, and changihg 
market conditions; and ejr^erna? environmental 
changes in packaging roquirements arising from 
social, economtc« marketings governmental, and 
tcchnotogical factors. 

your bislc ciiieslions Kere asked about specifio 
packaging deyelopnicnts: How probable is it that 
the development will actually materialize con- 
sidering such factors as its technical feasibilU)', 
econbmtcs, and prevaitlng and expected marke t 
conditions? Wiiat would b 
o{ the development on the quality, quantity^ 
production and conversion teclmology, and mar* 
keting of packaging? What would be the quantita« 
. tive effect of the development? What would be tlie 
time-rate relations of the change? 

Packaging lechnology was evaluated with a 
view to several specific factors. Among these were: 
the consumption trends and container require- 
ments of the products to be packaged; methods of 
distribution to the consumer; packaging material/ 
product performance requirements; packaging 
material functional characteristics and costs; 
production and conversion machinery technology 
and coats; and inter-matetials competition* Assess- 
ment of these important factors as they relate to 
each packaging material or packaging -related 
development led to judgments about whether or 
not all these factors working in combination were 
likely to produce a significant new packaging ap- 
plication in ternu of quantity and what the effects 
would be on competing materials and configura- 
tions. 

Throughout the analysis of packaging and 
packaging materials, emphasis was placed on 
identifying those forces— technologicaJi sociologi- 
cal, ecofiomic» or marketing — that will have the 
greatest impact in the next 10 years. Particular 
stress was placed on factors tliat will have the 
greatest influence on solid waste. Therefore, the 
forecasts were expressed in terms of two general 
criteria: (1) the materials technology and its 
result on protluct qualify and physical character- 
istics; (2) the quantity of each material that will be 
consumed in 1976. 

During the preparation of forecasts, quantita- 
tive projections in three modes were developed: 
highest possible consur^ption, most likely con- 
sumption, and lowest possible consumption. In 
this report, we have consistently selected what we 
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considered the "most likely** future consumption 
rates. 

Dato Sources*— Statistical and General 

Statistical data were derived primarily from 
government, trade association, and trade pub. 
hcations* The most important government sources 
Were the Business and Defense Services Admhiis* 
tra tion's Con^atnm and Packaging, and various 
Current Industrial Reports series. Many trade 
associations also provided good statisticai in* 
formation. Among these were the American 
Paper Institute, Jnc, the Can Manufacturers 
Institute, Inc. and the Glass Container Manu- 
facturers Institute^ Inc. The primary trade 
publications were Modern Packaging^ Modern 
Plastics^ md Paperboard Packaging. 

Midwest Research Institute (MRl) provided 
additional data, conversion factors, and estimates 
for the categories in which data were not available 
or required modification. 

The statistical data are considered to be rea* 
sonably accurate; for the most pact they arc 
based on expert estimates or direct reporting. 
Rough estimates had to be used only for relatively 
minor material categories. /W^here conversion 
factors Were used, the data were based on a 
test sample or industry estimates. 

In the forecasts, the consumption figures Were 
derived by using the basic unit of measure for 
that material (e,g., base boxes for steel cans) 
and converting it to pounds based on the forecast 
materials technology and types* 

The extensive literature on packaging provided 
one base for the qualitative analysts. In addition, 
MRI had extensive contact through field visits^ 
teleplione interviews, and visits at MRI offices 
with industry officials in trade associations and 
packaging companies to verify the qualitative 
judgments that were made. However, the final 
forecasts are MRTs and they do not necessarily 
agree with those of persons we interviewed. 

There are» of course, limitations to a lO-year 
forecast. For example, research in private labora- 
tories may already have produced new packaging 
developments that could have significant effects 
but are guarded secrets of the trade today. 
Indirect evaluation of the probability of such 
developments was part of this analysis, however. 
Many of the forecasts rest upon a multitude of 
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variablcs-^cost, material technology* market ac- 
ceptance, etc.— and any changes in these variable 
conditions coidd change a forecast appreci&bly. 
IIoKcverj these fflctor^j arc usually snbject to 
continuing surveillance and in some ca$e^ were 
»pccifieaHy pointed out in this report. Broad 
movements are generally well established and 
Variations in future packaging will most likely 
show up in specific applications rather than in 
whole new major configurations or materials 
types. 

General Hackgroiind and Assumptions 

As in most studies oif this type, assumptions 
were made about general cnvironmentaV condi- 
tions for background pur(>o6es« For example^ it 
was assumed that the U.S. economy would con- 
tinue to show the relatively stable conditions 
experienced in the last 10 years and that serious 
dislocation would not occur. The general growth 
of the Gross National Product and ontptU of 
goods was based on accepted government fore* 
casts of about 4 percent per year reargrowtli. 
Population growth was assmned to be at a 
slower rate than in previous years, and the second 
lowest rate of growth published by the Bureau 
of Census was used* In addition to assumptions 
about the general environment, the Midwest 
Research Institute forecasts were also based on 
certain assumptions about the forces at work in 
packaging today and the most likely conditions 
a decade hence. Specifically, no adjustments 
were made for the impact on packaging of Federal 
or local programs aimed at easing the solid waste 
or litter burden created by packaging; any sucli 
programs initiated before 1976 may have consider- 
able iniluencc on packaging material consumption. 

AN OVERVIEW OF PACKAGING 

Role in the Econonty 

Packaging is a service activity intrinsically 
connected with the mass distribution of goods in 
the U.S. marketplace. Wherever commodities arc 
sold, packaging can be found; as a consequence, 
this service activity touches virtually all aspects 
of the nation^s economic life. With the exception 
of fuels which arc pipelines directly to the user 
or moved in special conveyances to the site of use 
in bulk form, those building materials which are 
conveyed in unpackagcd form to the construction 



site, automobiles and certain other wheeled equip* 
ment, and a few commodities which are delivered 
to the consumer directly, like newspapers* every*\ 
thing is packaged in one form or anollicr before 
reaciiing the cousmner. The package may be a 
pallet on which the product is held in place, a 
drum, a sack* a corrugated bov, or one of the 
many other consunier packaging cdnnguratlons* 
Not surprisingly, a substantial percentage of 
the nation *8 expenditures goes for items whose 
primary purpose is to convey products to market 
and which arc not desired for their own sake; In 
1966> the public, commercial orgdniaiationst and 
industry spent in excess of $25 billiofi on pack* 
aging in all of its aspects-^approximately 3.4 
percent of Gross National Product. Of the total, 
116.2 billion were spent on packaging materials, 
$225 million on machinery to shape and process 
the materials, and the remaining $9 billion 
represented value added to the materials by the 
package manufacturer^ 

Role in Solid Waste 

Since packaging materials arc used primarily 
to convey goods from manufacturer to user, and 
since most packages make only a single trip after 
which they are discarded, packaging plays an 
important role as a component of solid waste. 

/The $16.2 billion worth of materials purchased 
in 1966 Weighed 51.7 million tons. About 90 per- 
cent of these materials was discarded, represent- 
ing 13.3 percent of the 350 million tons of resi- 
dential, commercial, and industrial waste gener- 
ated in the United States in 1966.* 

Services Performed 

A package contains or hoUls merchandise, pro- 
tects it, unitizes it^ and communicatee c message 
about it. These packaging services also imply that 
the package makes a product easier to handle and 
ship, display and sell. 

A distinction can be made between two kinds 
of packaging: packing and packaging proper. 
Packing is used predonunantiy to aid in the hand- 
ling, shipping, and warehousing of a product. 
Although packing also protects the contents and 
carries a message identifying tlic contents, pro- 
tection and communication are frequently of 

*Thc 3 SO -mii I ion -ton figure cxrhulca demolition wasted, 
6cra|ii>cd autoinohilee, agricutlural wastes an^l mining 
HaBtes. 



ERIC 



PACKAGING 



secondary importance whereas containment U the 
parannount consideration. The most generally 
known example orpacking corrugated box 
in which other packages arc shipped. Canned 
goods, for example* are already well protected by 
the can, carry a unitized amount of merchandise, 
and their colorful labels proclaim the basic sales 
message. In order to ship these small containers 
efficiently, howevett a container is necessary to 
hold them. The corrugated box la that container. 

Packaging proper is mainly used to unitize, 
protect* and to communicate a message about a 
product; Unitization is implied by the term "pack- 
aging.'* The package contains either a measured 
quantity of product or it holds one or more units 
of a product* Unitization can take place either 
during the sales transaction Or it may be accom- 
plished well before the sale is made. An example 
of unitization during the sale is the butcher's 
action in weighing and packing a pound of ground 
beef, taken from a tray, while the shopper waits. 
Packaging is an example of unitization before the 
sale. For this reasouv some observers prefer the 
terra "prc-unitizing" to describe this particular 
packaging service. 

Protection of the contents is a fundamental 
packaging function. The package acts as a barrier, 
in the widest sense of the word, against environ- 
mental forces which may adversely aifect the con* 
tents during storage, handling, shipment* ware* 
housing, display, sale* and use. Protection is 
afforded, depending on the contents, against phy* 
sical impacts, scratching* abrasion, oxidation* heat, 
cold, the cfTectd of light and gases* biological con* 
tamination, and simlliar influences. Additionally* 
packages may be designed to frustrate pilferage 
and the activities of curious consumers wishing 
to see the contents. 

Product protection and communication are 
closely linked. Protection frequently takes the 
form of total enclosure, thus hiding the contents. 
These must be identified. Of course, communi* 
cation goes well beyond product identification; it 
must also sell the product, and the package, at 
times* is designed to do nothing more than to 
convey a sales message. The most obvious example 
of such a package is a colorful poster to which the 
product, in a container* is attached. The poster is 
unnecessary for functional purposes, but it makes 
the product appear larger and attracts attention. 
In yet other cases, protection and communication 



are accomplished at one stroke by using trans* 
lucent or clear packaging which shows the con* 
tents while protecting them. 

Both the degree of protection afforded by the 
package and the intensity of the communication 
are relative to the product packaged* its salei 
price, end use* and similiar factors. Food stapka 
(end to be well protected to safeguard perishable 
contents; the salea message may be vigorously 
expressed but will not take novel forms. By con* 
trast, novelty items, depending on impulse buying 
to achive a sale, tend to wear more showy pack* 
aging garments. 

In addition to the basic services packaging per* 
forms, certain specific packaging categories are also 
designed to provide convenience in dispensing the 
product (aerosol can, milk bottle with a handle* 
cereal box with a spout, beverage can with rip*off 
closure, etc.) and in use of the product (frozen 
dinner package* boil-in-bag container* etc.). Yet 
other packages are manufactured for secondary 
use— for example, cereal boxes which can be made 
into paper dolls or games after they are emptied. 

Technological Base 

Packaging is a form of materials processing. The 
package manufacturer sizes* shapes, and joins 
paper* metals, glass, wood, plastics* and textiles to 
obtain a desired package configuration. The pack* 
age is then filled and closed and irthen usualty 
packed for shipment. Many kinds of materials 
processing techniques are used to produce pack* 
ages, for instance the nailing of wood, laminating 
materials, glass blowing, steel forming* and other 
similar activities which call for complicated 
equipment. 

Most important from the technological point 
of view is that the package manufacturer almost 
always combines dissimilar materials to make a 
package. A glass bottle will typically be capped by 
a metal closure with a cork or plastic gasket. A 
steel can will be coated with tin, soldered, and 
wrapped with a paper label held in place by a 
combination of water-based and hot-melt adhe- 
sives. Most flexible paper wraps are coated with 
wax or plasties and may be laminated to a metallic 
foil. Corrugated and solid fiber boards are fre- 
quently coated or used in combination with coated 
inner liners, cellulosic **vindow8,*' as substrates for 
plastic shrink wrap, etc. Plastic fdms often appear 
in combination with paper, plastic bottles come 
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with metal capst plastic boxes with metal hinge 
supports. The list couUl be expanded at will; the 
above examples, however/ suffice to suggest ttie 
multitude of material combinations encountereJ 
in packaging. 

This proliferous intermarriage of materials is 
basie to packaging. Each distinct material and 
material combination offers specific performance 
advantages and disadvantages which make it 
suitable or undesirable for a given product. 
Advantages or disadvantages may relate to phys* 
ioal performancet machinability, weight, size, 
appearance, etc. Since a very large number of 
technological and economic factors interact in 
this field, It is difficult to predict future develop, 
ments in packaging. A new but expensive mate- 
rialf for instance, could penetrate a market because 
it permits faster machinery speeds. Similarly, a 
new coating could make a weak and cheap material 
stronger^ thus quahfying it for competition with a 
superior substance selling at a luglier price. The 
development of a printing ink compatible with a 
substrate not heretofore printable can equip the 
substrate for entry into new markets. 

Packaging, then, rests on a complex of tech* 
oologies including materials chemistry, materials 
forming and joining, and material handling. It is 
influenced by food chemistry, transportation tech* 
nologyi innovations in graphic reproduction, and 
a host of other seemingly unrelated activities* 

Markets 

Packaging materials reach two distinct markets: 
the consumer and industrial/commercial buyers. 
On the basis of dollar expenditures, the consumer 
spends by far the greater amount on packaging. 
Three quartern of all expenditures are made by 
residential householders. 

Industrial and commercial markets for package 
ing resemble each other and may be considered a 
single outlet* From the packaging point of view, 
both industrial ami commercial containers serve 
to move goods in bulk or in unitized quantities 
larger than those which the consumer buy^. 
The package is seldom designed to carry a sales 
message. And although industrial and commercial 
concerns also purchase packages in all configura- 
tions, a considerable proportion of their expendi- 
tures are forpackages never encountered in a home. 

The approximate distribution of packaging 
expenditures between the consumer and the 



industrial/commercial buyer for package cbnfig« 
urations common to both market sectors was 
compiled for the package types that accounted 
for approximately 90 percent of all expenditures 
on packaging from 1958 to 1963 (Table l).The 
remaining expenditures were made up of wooden 
containers, steel drums and palls, textile sacks, 
fiber drums, and similar bulk containers. 

By far the largest user of consumer packages 
was the food industry, follow'ed by beverages and 
chemj?al products (Table 2). A closer look at the 
expenditures of these three industries (Table 3) 
reveals that canned and frozen foods, malt liquors, 
and cosmetics, respectively, were the product 
groupings which led expenditures in these eftd*use 
markets. These commodity categories absorbed 
nearly 30 percent of all consumer packaging 
outlays. 

Supplying Industries 

However convenient it is to speak of a paokag* 
ing industry, such an entity does not exist* 
Packages arc manufactured by a number of indus* 
tries, using inputs from yet other industrial or 
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95. 7 


8.2 




. 92. 7 


7.3 




88. 1 


11.9 




95.0 


5.0 




77.1 


22.9 



• ExpreMrd a« a prrcfnl of ■ fjtre.) ear uxtxMgt dollar value of packaging. 

19S8-1963. 

b Kiiiiiiate<) by Midwest Relearch Inilitute. 
t Minima), 

Source: U.S. Deparimtnt o( Commme. Jlunineei and Drfenae Servicea 
Admmlalration. ContainerM and Packaging, 20(2): B-l]» July 1^7. 
Modified hy Midweat Ktftearch Inalitut *. 
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TABtK 2,-^Dt9tribution of packaging oulpuU to $elett^ 
consumtr packaging end-use markets: 19S€'1963 * 



Table ^.—Distribution of packaging output to $e!ected 
consumer packaging en<^^$e. mrkets: I9S8-'196S ^ 



Eod-UM market 



Food..,......,...,. 43.7 

Bevcrftget. * o . . . . . . . . . \ . . , 12.6 

Chemicals tnd allied products. 11. 7 

Paptr, printed and allied products , . 3.9 

Textile and apparel 2. 7 

Ilardwatc, 2.4 

Petroleum products. 1.9 

Tobacco and related products .9 

Toys, jewelry, etc • 7 

Miscellaneous and other. , . ; . ...... 19. 5 

Total 100.0 

^TliU pcrccm difttribuitoo !■ derived from ■ dl*lribution of output to 
Ml«ct«d eod>UM mirkett foe tbe five ytttK I9$a-1%3. Ii U b*»ed on 
doUatf und covt/i b\xm% 7S percent of lU p*ck«|id|. 

Source: VS. Drpartoieiil of Comoierce. B<ii{aeM lad Drfenie Scrtkei 
AdnlnUtrilkm. C^alner I on^ Potldilnj, 20(2): 6-11, Juir 1967. 
Modified br Mldwe4t Re«<«rcb liutMute. 

service groupi». Depeddit)g on the base material 
used and its processing technology^ the quantity 
of the basic material converted to packaging, the 
particular configuration, and the product to be 
contained^ the package manufacturing step may 
be performed by the raw material processor, an 
independent converter or fabricator, the packager, 
or the retail merchant (e.g., fresh vegetable or 
meat packaging)* Even the consumer acts as a 
package fabricator when he wraps a Christmas 
gift or a postal package using suitable materials. 

Different industrial structures liave grown 
up— and are still evolving— for the fabrication of 
packages ma<lc from the various major materials. 
The nature of the package supplying industries 
can best be grasped by looking at each of the 
materials industries separately. 

Paper and Paperboard 

Paper and paperboard package manufacturing 
is a highly integrated activity (Figure 1). The 
typical large paper company obtains its virgin 
fiber from wholly owned pulpwooil forests and is 
capable of converting the tree into a package* 
The package buyer needs only to filU seal, and 
label the container. At least part if the reason for 
such a high degree of integration is that a large 
percentage of total paper and paperboard pro* 
duction enters packaging markets (about 25 per* 
cent of paper, 85 percent of paperboard), thus 
creating sufficient volume to justify installation 



Percent of total 
eipeaddurei 



Food and kindred products: 

Meat products^ « ....... 3.3 

Dairy products.*. .................. ... 7.7 

Canned «nd frozen foods; 

Canned and cured seafoods ...... 0. 5 

Canned spcclahles. ....... . . . 2. 8 

Canned fruHs and vegetables . .. . 6. 7 

Dehydrated food products. .... . . . 5 

Pickles, sauces, etc. ............. 1. 4 

Fresh, frozen, «nd packaged fish. . » 3 

Frozen fruits and vegetables. 2.0 

Other 1.3 

Total, canned and frozen foods. . 15.5 

GrainmilJs.^...^. .^. ... . .. ..^ 2.1 

Dakery products.. ........ 4.2 

Sugar.. .............................. 1.0 

Confectionary. . . . . . .... , . . . . . , . . . . . 5. 3 

Fats and oils... . . 2.0 

Miscellaneous. ........................ 2. 6 

Total, food and kindred products 43. 7 

Oeverages: 

Malt liquors. ................. . V. ... * 6.6 

Soft drinks. 2.8 

Another. ....... 3.2 

Total, beverages 12.6 

Chemical and allied products: 

Medicin^ls and pharmaceiiitcals. 2.1 

Cosmetics, toiletries, etc, 7.2 

Paints, varnUhes, etc. 1.3 

Miscellaneous chemical products, 1.1 

Total, cht^nttcais and allied prcKlucts, 11.7 

All other mduilries. , . . . 32. 0 

Grand total 100. 0 



» Same baib aftTibleS. 

Source; U.S. Drpirlment of Commerce, Du«ld«u tnd Oefenie Servicei 
AitmlnUtr«tion. CoAiai/ierj and PacUagini, 20(2): o-U, Juty 1967. 
Modified by Mid weit HeeearcH I Qititute. 



of converting facilities tied to raw materials 
production. In industries where [>ackaging volume 
is not great in relation to total production of the 
basic material, far less integration is encountered. 

Integration, however, is not strictly applicable 
to all paper and paperboard configurations or all 
operations. For instance, the manufacture of set-up 
boxes is usually handled by small compames 
serving limited geographical areas. These contain* 
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Independent ^ 
- * * Sell ta 



CELLOPHANE 
PUNTS 



W7 M TONS 



240 M rX3N5 



PAPER 
MILLS 



S. 8S2 MTONS 



^ PAPBRBOARD 
^ MILLS 



19,066 M TO^S 



FLEXIBLE 
PACKAGING 
2,243 M'rONS 



GROCERY SACK 
(&SGS k SACKS) 
1.679 M TONS 



SHIPPING SACK 
<BAOS Si SACKS) 
992 M TO^S 



OTHER PAPER 
PACKAGING 
1.375 M TONS 



NONPACKACINO 
MARKETS 



4,059 M TONS 



WOODEN 
BOXES 

3,280 M TON 



WIREBOUND 
BOXES 
630 M TONS 



VENEER & 
PACKAGES 
33 M TO^S 



COOPERAGE 
116 M TONS 



CONTAINERDOARD 
(DOXES) . 
12,457 M TONS 



FOLDING 
BOXBOARD 
<BOXES, ETC,) 
3.6)5 M TONS 



SBTOP 
BOXBOARD 
OOXBS, ETC.) 
560 M TO^ 



FOODBOARD 
(CONTAINERS, ETC.) 
1.905 M TONS 



FIBER CAN 
k DRUM STOCK 
rANS, TUBES, DRUMS) 
529 M TONS 



FOOD 



CHEVaCALS 



TEXTILES I 
APPAREL 



PRINTING li 
PUBLISHING 



OlASS ft CERAMICS 



HARDWARE, ETC. 



APPLIANCKS, ETC, 



RETAIL TRADE 



AGRICULTURE 



HOUSEHOLD 
k OTHER 



<fLogglng V uimb«*r\ Independent MiUa "V^T^^-J^* Independent Fabhcctora k Converters \- - — 
^ OpcratoTs ^ ^ ^ ^^yV'T ' — ^set Industry 



(Integrated Ot<f«tloiis » Timber Operations to Mill ProJuct^ - — •^^♦ ^^ Captive Fabrkatton and"Converslon - Uscf Industry ^ 



^ Integrated C^ratio ns - Timber to Fabricated Packaging Products \~ -5*1L'2. — ♦ 

" ^" ~~ [ ■ — " »^Uscr Industry 



»/ Fabricatora ajid converters may make package a frorn ahcr material a a well as 

" paper or pa per board 

S«jrc,c: Mi J*'e»£ Research {rrsti rule. 



Figure L— Paper, paperboard, and wood packaging— Industry structure and flow chart; 1966 
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er$ are shipped in fmUhcd form— standing rather 
than flat. Since much air i» transported when 
set*up boxed are shipped, freight rates ptechulc 
their mamifacturo at points far from the user. Also, 
8ct*up boxes arc produced in a wide variety of 
types; few of the types achieve a sufficiently 
large volume to justify their manufacture by 
integrated paper producers* 

Some paper is also converted by the packager, 
who buys the required stock and fabricates it 
into a package in his own conversion facilittesi 
In such a case, the justification for the captive 
facility may be found in the large quantities of 
uniform packages used by tlie manufacturer, 
which he can produce more profitably in his own 
shop. 

Certain operations in paper package conversion 
are also performed by independent operators* 



primarily printings glazing, and coating of papers. 
Where an entrepreneur outside of the paper In* 
dustry does such work, the volume of material 
to be piinted, glazed, or coated is usually large, 
or the job calls for custom tailoring of the end 
product to a specific requirement. 

MetaU 

The industrial Btructure which has evolved for 
the production of metal containers is slightly 
different from the one found in paper^ and the 
reason may be sought in the fact that metal 
containers represent a much smaller percentage 
of the steel industry's output (Figure 2}« In 1963^ 
only 9 percent of the industry's output ended up 
as containers, primarily metal cans. With such 
a relatively small percentage of its tot rd volume 
earmarked for packaging, the steel industry has 



RAW MA TERULS 
SUPPLY 
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DRAWLVG & 
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ROLLLNG 
MILLS 


M TONS' 




OTJIER 
460 M TONS SFBEL 



CANS 

5,n* M TONS STEEL 
165 M TONS AI 



BARRELS, DRUMS 
& PAILS 
823 M TONS STEEL 



FOIL 

177 M TONS Al 



TUBES 

16 M TONS XI 



CLOSURES 
337 M TONS STEEL 



KOOD 



BEVERAGES 



CHEMICALS 



PETROLEUM 



KOUSEHOI 0 



OTHER 



ScU t 



>• — litdepeodcnt— ~-\SeU to_Us£r 
" N — .Converters Fmhistry 

CapClvtf Fabrications - User Imiustry (Cans) ^ 



A LU MINU M INDUSTRY COMPA NlES SiA Y BE : 
C Integrated Op^7:u[^;;;r r^wM.tett ai;^^ V .^ilt. K^Coti^rttrs' 11^^ 

>Sen to User ^ 
Industry 



c 



Ititegratod Opcraiions In Raw ^tatc rials to Fabricated Packaging Protfucts 



• a/ Package fabricators and converters may make packages from other materials as well as 
steel or aluminum . 
Sixircci Miihfce St Research Institute. 

Figure 2. — Metal packaging— Industry structure and flow chart; 1966 
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not found jtistincation to integrate forward into 
can making and is engaged only in production of 
sheet steel for packaging uses. 

Steel containers are manufactured by independ- 
ent converters or by packagers from rolled tin- 
plate purchased from the steel trulustry. (exam- 
ples of converters are American Can, Continental 
Cant and National Can. Examples of packagers 
with captive can manufacturing facilities are 
Campbell Soup Company and Carnation Com- 
pany. The bulk of can output (80 percent) is 
manufactured by mdependeut converters under 
contract to the packager. 

A somewhat dilTerent arrangement character- 
izes aluminum can production. Although alu- 
minum packages also account for only a ^inall 
proportion of total aluminum output (perhaps 8 
percent), aluminum producers are also package 
producers. Reynolds Metals Company and Kaiser 
AUimimnn both manufacture beer cans in direct 
competition with independent fabricators who 
may also he their customers. Another segment of 
the industry^ exemplified by Alcoa, has chosen 
not to compete with converters and restricts its 
activity to the sale of atumtnum stock to inde* 
pendent fabricators. 

The different approaches adopted by steel and 
aluminum producers trace to the different degrees 
of packaging market penetration by steel and 
aluminum. Steel is well established; aluminum is 
aspiring. In its efforts to create a larger market for 
its material, a part of the aluminum industry »s 
willing to go to some length to establish its protl- 
nci, including the construction of a can manufac- 
turing plant serving a large user. Historical excess 
production capacity in lliis industry iias also led to 
nontraditional marketing approaches, such as 
competition with its own customers, a novel de- 
parture in tlie metal packaging industry. 

Glass 

Glass technology is tlie governing factor sliaping 
the glass package manufacturing industry. Unlike 
other packaging mauriald, glass cannot he shipped 
as an intermediate raw material to a converter for 
shaping. Glass containers must be formed as part 
of the overall glass production process. For tliis 
reason, the glass producer is also always the con- 
tainer producer. He sliips the product to the 
packager for idling, sealing, and shipment (Figure 
3). 



PlastlcM 

Corporate approaches to the production of 
plastic packages illustrate once more that raw 
materials producers will assume converting func- 
tions as soon as sufficient packaging volume has 
been created (or isi anticipated) to make such a 
move appear prQ|i|ftble. Until recently^ plastic 
resins, supplied by chemical companies and petro« 
leum refiners, were converted into packages or 
films almost exclusively by independent convert- 
ers. In the past few years, Du Pont, Monsanto, 
Union Carbidct Dow, Phillips, Tenneco, and 
other resin suppliers have moved into resin con* 
version and today make Tdms, bottles, and tubes. 
Some major package manufacturers (e.g., Ameri- 
can Can and Owens-Illinois) have also acquired 
in-house capabilities to convert resin into fmished 
packages. The plastics packaging industry appears 
to be in a state of transition— from a decentralized 
structure in which raw material processors showed 
little interest in end products to one in which the 
raw material producers have integrated forward 
to embrace conversion functions (Figure 4). 

These moves are explained by the growth of 
plastics in packaging. On the whole, tliis market 
accounts for 18 to 20 percent of all plastic^ sold on 
a tonnage basis/But the percentages do not tell 
the entire story. Certain plastics, for example poly- 
vinyl chloride, play a very minor role in packag- 
ing. About half of all polyethylene produced, how- 
ever« goes into packaging. In addition to the 
present consumption situation, raw materials pro- 
ducers also view the future with optimism — a view 
fully borne out by MRI forecasts. Plastic usage in 
packaging is expected to double by 1976 on a 
tonnage basis. 

rrw 

With only 3 percent of their output taking tlie . 
ultimate form of a package, the nation ^s saw mills 
have not integrated forward into package man- 
ufacturing. Wood is usually crnvcrted into pack- 
ages by independeni fabricators (Figure 1). 

BASIC TRENDS IN PACKAGING 

Much more packaging will be consumed per 
capita in the next decade than in the previous one. 
Tliere will be more kinds of packages on the mar- 
ket and packages will he compounded of dissimilar 
materials. These statements sunmiarizc the basic 
trends in packaging as they are expected to 



12 



PACKAGING 



RAW MATERIALS 
SUPPLY 



RAW ^^ATERlALS PACKAGE 

PROCESSING FABRfCATION/CON VERSIONS/ 



PACKAGE USER 
INDUSTRIES 



SAND 



SODA ASH 
LIME 



GLASS CONTAINERS 
(BOTTLES & JARS) 



29.40 BILLION UNITS 



16,46 BILLION POUNDS 



NONPACKAGING 
MARKETS 



INDUSTRY COMPANIES ARB NORMALLY: 
^^tn tegfated Operatio ns - Sand to Fabricated Containers 



>- 



Sell to User Industries 



FOOD 

\0.75 BILLION 
UNITS 



BEVERAGES 
12.05 BILLION 
UNITS 



DRUGS & 
COSMETICS 
5.76 BILLION 
UNITS 



CHEMICALS 
0.84 BILLION 
UNITS 



a/ package fabricators and conveners may make packages from other materials as welt as glass. 
Source: Midwest Research Institute, 

FiGURK 3,— Glass packaging — Industry structure and flow chart; 1966 



appear in llie next 10 years, A look at each trend 
in detail foHows. 

More Packaging Consumption per Capita 

At the root of this trend is the rise of self- 
service merchandising* In such a distribution 
system, the influence of the sales clerk is elimi- 
nated. Products on shelves mutely vie for the 
consumer's favor. Items wliich are attractively 
packaged have an advantage over products lacking 
flashy garments in such a situation, with the 
consequence that packaging has penetrated into 
areas where it has not been used traditionally. 
Lettuce wrapped in plastic fdm, hand tools 
encased in shrink-wrap plastics, and textile 
products bagged in paper or plastics are examples, 
along with many items of hardware* toys, garden 
supplies, etc. which are packaged today whereas, 
in the recent past, they were displayed in bins 
or placed on shelves without wrappings, Overall, 



this means that the volume of products reaching 
the consumer in packaged form is increasing, and 
with the proliferation of such products, packaging 
materials commnption per capita will rise. 

Increasing Niunbcr of Package Types 

This trend also rests in part on the emergence 
of the self-service store as the dominant form of 
merchandising today and in the future. In self* 
service outlets, products must sell themselves. 
Thii? has led to an unprecedented degree of package 
differentiation in recent years* The reason: 
packages must stand out to attract the consumer — 
and diiTerentiation accomplishes this aim by use 
of bolder colors, unusual materials, greater size 
ranges, novel shapes, and so forth. 

While the types of packages have been multi- 
plying in response to competitive pressures en- 
countered in the self-service store, the same forces 
have also given birth to many new products. To 
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a/ Package fabricators and conveners may make packages (rtHn uther materials as well as plastics. 

b/ Excludes cellophane V 

Source; Midwest Research Institute. 

FiGtRK 4,— Plastic packaging— Industry structure and flow chart: 1966 



look at a single industry^ frozen, pressurized, 
freeze-dried, and instant foods are some examples 
of relatively recent product innovations in food. 
These new products call for new mo<les of packag- 
ing or different types of containers. Satisfaction 
of emerging packaging needs has led to-~and is 
stilt causing— the multiplication of tlic types of 
packages on the market. 

A third reason for iliis trend is intermaterials 
competition. For instance, a product which tra- 
ditionally his been packaged in paper will usually 
come in a bag, on a paper tray, or in a hoxdike 
container, When plastics or glass invade the 
.packaging market for such a product, different 
package shapes frecjucntly appear, but the new 
packages may not entirely displace eseahlislied 
forms, with tlie result that a number of new 
iypcs of containers are available for the same 
product. Until recently, shampoo could only be 
purchased in glass bottles. Today it is available 
in glass bottles, in plastic bottles, and in flexible 
plastic tuhtng. 

F'ackagc tyj>cs arc multiplied also by attempts 
to provide shopping convenience and to move 
goods with the same merchandising effort. Multi- 
packing has l>cen one lesull. In a multi-pack, 

ERIC 



several items are combined into a single sales unit 
by packaging: several cans, bottles, flashbulbs, 
gaskcti^, ink cartridges, etc. If the consumer 
desires one of these items, he must purchase 
several. Similarly, the consumer may wish to buy 
several units, and his purchase is facilitated by 
having them conveniently united. This type of 
packaging has given rise to new kinds of con- 
tainers— and is also partly accountable for higher 
consumption of packaging materials per capita, 

TJic manufacturer nmst com[>cte for shelf space 
for his goods. Packages which are easier to re- 
move from the master container, hold up well 
in storage, maintain their brightness ami at- 
tractiveness under artiftcial light, and are difli- 
cult to pilfer and damage tend to be preferred by 
the retail merchant over products which arc de- 
ficient in one or more of these service or perform- 
ance categories. >iovel packagen, which the 
merchant recognizes as potentially attractive to 
his customers, tend to be featured -^especially 
so if they come in master containers which arc 
convertible into display cases. The desire to 
provide a package attractive to the retail mer- 
chant also translates into the multiplication of 
package types. 



14 



PACKAGING 



A final reason for llic a|)()oaraiice of new lyi)ci* 
of packaged is llic popularily of the working 
package ami secondary use package. A working 
package is one wfncli lielp* ili:9|)cn»e llie proihiet 
or aids in connection with use of the contents. 
Secomlary uw) packages are those wliieli can be 
utilized for sonic purpose after they are einptied. 

The honicihaker is most articulate in lier con- 
demnation of packages which arc diflicult to 
work with. She vigorously condemns hard«to« 
0|)en containers— hut also containers which are 
diflicult to reseal adequately after they have been 
o|)ened. She likes to have a wide choice of package 
sizes, and she tends to reject packages which do 
not (It her refrigerator or shelving. She dislikes 
breakable containers in her batlirooni. Finally, 
she does not like the logistical problems involved 
in returning deposit type containers. 

What doe* she like? The hoincniaker likes 
packages which make her job easier. She is an 
inveterate collector of containers which are usable 
for storage and flexible materials in which she 
can wrap leftovers, lunches, and household items. 
The enthusiastic reception of coffee cans equipjied 
with plastic lids and the popularity of frozen 
footls, boil-in-bag vegetables, and instant food 
preparations illustrate the homemaker*B preference. 

Con Burner prcferenee for convenience in pack* 
aging and secondary use containers promotes 
package ly(K' multiplication. Manufacturers are 
increasing the size or volume range of their 
packages: detergents are available in sizes 
ranging from **giant*' sized boves to small pack- 
ages suffictcnl for a single load of wash; portion - 
packed cereals complete willi family-sized boxes; 
dog fooil may be purchased in a cereal box or in 
a )]uge pa{)cr or plastic sack containing a month^p 
supply; milk is available in containers ranging 
from half-pint size up to 5 gallons. MultipUcalion 
of package sizes is observable in most cons tuner 
packaging areas. Significant is the fact that new 
package sizes do noi displace existing coiifigura- 
lions but are presented as new altcrnativcft to the 
consiirner. 

Pro<]uction of conveniently sized or unitized 
products is only one reaction to the demand for 
convenience. The consumer is also given the 
option to buy a product in a tliscardablc package 
or one whicli can be retained for secondary use. 
Jelly containers which become drinking glasses 

O 
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are one example of the latter, Tlie nonretiirnablc 
bottle and beverages packaged in metal cans are 
responses to the consumer's demand for "dis- 
posable" packages.. Frozen pica and full-course 
dinners which can be prepared in the package; 
twist-off type closures for lievcrage containers; a 
variety of plastic boxes and tubs to hold food 
staples; and the packaging of foods» cosmetics, 
paints, and sprays under pressure for ease of 
use are all developments which increase the 
number of types of packages available and which 
result from the consumer's predilection for more 
easy-tO'USC and reusable containers. 

iMorc Complex Packages 

As packages arc called upon to fulfill more and 
more functions beyond product containment 
and protection, their costs increase^ Intense 
competition for the buyer's approval, however, 
does not permit the manufacturer to pass the 
entire cost of the package on to the consumer* 
If at ail jwssible, he must obtain the desired 
package qualities and functions at a low cost. 

In recent years, this has resulted in considerable 
activity on the part of the package manufacturers, 
package buyers, and material producers to ex* 
ploit to the maximum whatever technology is 
available to produce the desired packaging 
products and to minimize their costs. Activities 
have included the use of newer materials, com- 
binations of materials, the use of less material 
per unit of product packaged, packaging ma- 
chinery improvements, and a host of other 
innovations which help cut total merchandising 
costs while maintaining and upgrading package 
quality. 

Innovative activity has been especially note- 
worthy in the past five or six years and is largely 
attributed to the appcaranco of plastics in 
packaging. Many observers would date the im^ 
pact of plastics from 1960, when the price of 
polclhylene dropped. This precipitated inter- 
materials competition on a new level of intensity. 
Plastics, since then have }>ecoiuc strong contenders 
for packaging markets. Producers of other ma- 
terials have reacted to the threat from plastics 
by steps to improve their materials, thus equipping 
these for the competitive struggle. The end of 
this war of materials for packaging markets is 
not yet in sight. While it persists, packaging 
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will be characterimi hy rapiil change on llic 
technological front. 

Tlic key to uiKlerstumling inler-inaleriaU 
coinpctitiou and Icclinologioal change liofi in 
the nature of Uio iiialenats iheiuselvosi. ICaeh 
packAgiiig nialerinl chm has (lehaitc advantage:) 
anil disadvantages in physical pcrfornvance as a 
packago or in packuge forming, in cost, in ap- 
pearance, or in a conihination of these. Ad- 
vantages anil lUsadvantages are also related to 
the product to be packaged. Some rcipiirc barrier 
coatings; others do nol. Some look attractive 
wlien displayed through a transhiccnt covering; 
others arc best hidden behind an opaipie surface* 
The package (lesigner, looking at his product 
and at llie inidtitude of material options open to 
hiin, mii9t llnd his way to a container which 
maximizes the advantage inherent in a suitable 
combination and minnnizcs the disadvantages, 
([e niust hit upon a configuration which gives 
him optimum performance at niinimum cost. 

This situation is difficult to present with pre- 
cision l)ecause in the manufacturer's language^ 
** performance" does not refer strictly to physical 
characteristics but to physical characteristics and 
the more nebulous packaging atCribulcs which 
lead to sales grow Ih (•*w armth,"**g!os9/' "novelty,*' 
etc.)* Similarly, **cost" docs not refer only to 
material price and production espenses but also 
includes outlays for filling the package, its 
transport (lighter, less bulky packages arc pre* 
ferred, for instance), refrigeration costs, the Josses 
associated with spoilage and breakage^ and others. 
When all of these elements are included, a package 
which may appear to be more exi>ensive on tiie 
basis of material price alone may turn out to ht 
the cheapest solution to a particular packaging 
problem. 

Packaging manufacturers have always combined 
dissimilar materials. What is significant today is 
tliat tiie number of materials suitable for combi- 
nation has increased dramatically w illi the advent 
of plastics, whose many varieties and combinations 
of varieties have been added to the list of tradi- 
tional substances used in this field. Along with 
the appearance of plastics has come development 
of new coating ami adhesive teelmologies which 
permit the combination of materials which have 
not» heretofore, appeared in union. The consider- 
able increase in the options available to the pack- 
age mmufaeturer* coupled with the demand for 
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new and belter packages, is the predominant 
reason for the wave of innovation sweeping 
packaging today. 

Package juanufacturers have not fully exploited 
or explored the possibilities of this changed tech* 
nological base in packaging. Such exploration of 
new choices and use of new materials lies in the 
future. As packagers move toward application of 
new technology, packages are expected to become 
more complex in composition. 

PAPER AND PAPKRKOAHO 

Paper and paperboard dominate the packaging 
materials field* In terms of tonnage, paper and 
paperboard accovmlcd for 55 percent of all pack- 
aging consumed in 1966.* About half of the pro- 
duction of the paper and paperboard industry is 
used for packaging purposes (25.2 million tons of 
a total 46«6 million tons in 1966). 

There arc many reasons for the dominant 
position of paper and paperboard in packaging. 
Paper can package almost any item that does not 
need the exceptional protective characteristics 
obtainable with metal, glass, or plastic containers. 
It is a relatively inexpensive, highly machinable^ 
strong, and printable material. Paper can be 
combined with other materials to improve its per- 
formance characteristics and can be formed into a 
wide variety of rigid, semi-rigid, and flexible con- 
tainers. Kvcn when paper, is not the primary 
package for a particular item, it is likely to be the 
secondary package and also the container in 
which the product is shipped to market. For 
example^ aspirin is packaged in a glass bottle, the 
bottle is put inside a paperboard box. and llicn 
many of these small boxes are packed in a cor- 
rugated container to be sent to retaU outlets. 

There are three basic groups of paper end 
paperboard. The largest is paperboard, or rigid 



*tit all paper and paperboard cHegorie^ ihc fpiantity 
was Las^d on tonnage prLKluctiori instead of consurnplion 
exprCfts^'J as slH|>rucnl?. For practical purposes however, 
produciion and consuruption were eou&idercd to be etpdva. 
lent. Production figures were used because of the readily 
available siathiieal inforniarion by pa|K;r and paperboard 
gra4les^; conversely, the inuIlUwde of packaging appUca^ 
ttons for paper and paperboard result in uneven statis- 
tical data by end useB» some being very good and others 
praelically nonexistent. In ibe ease of the other n^aierials— 
raekal» glas^, plasties, wood, and textiles -Alit actual 
consumption figures were used. 
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pai)eri?. The secoml largest grouping h flexible 
packdging papers made up of coarse gradoa of 
paper (grocery hagj?> i<iiipping tracks, trapping 
paper, fonverCiiig paper J, and glassine« grease* 
proofs and vegetable paper. 'Che tliird and RiualleBt 
grouping specialty papcr^» wliieh includes 
l5*Mic paper, fine grade prinimg and converting 
papers, and woml pulp, Specialty papers arc mo»t 
often Used a^ parla of other packaging »urh a* 
labeJs, wraps, poucheg, and erale liller*. 

The following tabulation (Table -I) fthows the 
relative douiinanec of the three groups of paper 
and paperboard in packaging in miitionft of 
pound* ami in percentage of total for the years 
1966 and 1976, 

Taole l*rOiliiC(i<^:\ of packaging g^a^ of paper and 
iHtperboard: 1966 and 1976 



1966 



1976 



{MiD'icnt) JVfcrm fMilliont) Verceot 



Papcrboar^I . . \ 38, 131 

ftexibte (>a [)or 9, 43 1 

Spooialty pai>cr 2»751 



75,8 58,500 79,2 
iB,7 11,780 16.0 
5.5 3,570 18 



Total. 



50,316 100.0 73,850 100,0 



Sourc«: Midweit Ketcarcb tniUlulc. 

Paper and paperboard arc produced from three 
principaf types of raw materiaij^: virgin fiber, 
paper stock, and other fiberg. Virgin fiber is wood 
pulp obtained from trees and plants; it provides 
a broad range of furnish* for all grades of paper 
and paperboard. Paper slock, a trade term for 
waste paper, comes from a wide variety of sources 
including mill and conversion scrap as well as 
w aste paper and paperboard acquired on the open 
market. Other fibers arc primarily rag, straw, 
bagasse, and plant waste stockj?, In recent years 
the use of virgi i pulp has increased while tlie use 
of other fibers and of paper stock has declined. 

Papermaking is a highly developed technology 
centering on the conversion of puipwood into a 
finished protluct. The industry has teamed to use 
more of each tree and to use trees that formerly 
were not cut for pulping purposes. The supply 
of puipwood has been increasing because of ad« 



*'Turni»h*' la a trade term iiscJ to designate the fibroua 
prodocl entering pu}>er- and |>a]»erboard-makmg machine*. 



vances in forest technology, resulting hi improved 
yields and more efficient production methods. 

Paper stock is still widely used in making 
certain grades of paper and paperboard, and ia 
used i)rimarily by paperboard manufacturers, who 
consume about 75 i>ercent of all pai>cr stock 
used for paper proiluct furmsh. However* the 
u)arket:e$ for paper stock are subjoet to rapid 
changes in supply and demand, one reason why 
consumption of this raw materia) has not kept 
pace with total paper ami pai>erboard output; 

Paperboard 

Paperboard is the largest single group of p?ck* 
aging materials from a cpiautity standpoint. Con- 
sumption has been growing steadily since 1958. 
In that year, 24 billion pounds of paperboard 
packaging grades were produceil. By 1966, pro- 
duction had increased to 38 bilhon pounds; this 
(piantity represented 36.8 percent of all packaging 
(Table 5), The 1966 tonnage translated into more 
tlian 199 billion package units able 6)/ The 
strong and steady growth of paperboard is derived 
from its broadly based service as a utility material 
in packaging at relatively stable prices, Since 1956, 
paj>erboard prices have ranged between $119 and 
$123 per Ion* Other materials have increased in 
price in the same period, particularly in recent 
years. 

There are five major types of paperboard, each 
of which will be discussed separately: container* 
boards set-up boxboard, special foodboard, folding 
boxboard, and can, tube, and drum stock. 
Container board 

Corrugated and solid fiber are the two basic 
kinds of containerljoard. Corrugated is by far the 
most important; it accounts for 99 percent of the 
total square feet of lioard protluced. Consequently* 
the terms **containerboard^* and '^corrugated 
board'* are used interchangeably. There are three 
kinds of corrugated: (1) double face, a fluted 
slicet^ glued between layers of liner material, 
(2) single face, a fluted sheet with a liner on only 
one side, and (3) double wall, two or more lined 
fluted sections. Double face corrugated accounts 
for more than 90 percent of all corrugated, double 
wall for 8 percent, and single face for 1 percent 
(Table 7). 

Conlainerboard is made from kraft paper and 
small amounts of jute straw and fibercd chip. 
The resulting material has long fibers and ia 
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TABt.R S.—Proditction of packaging grades oj paperboardi 195S to 1966 
In nMont ol poundi' 



Paperboard 19S8 1959 1960 1961 1962 1963 1964 1965 1966 



Conulnerboard. 14,519 16,46S 16.374 17,323 18,593 19,277 20,684 22,398 24,915 

FoUIng boxboard 5,330 5,782 5,ai6 5,975 6,241 6,434 6,591 6,867 7,229 

Special loodboard 2, 609 2, 889 2, 894 3, 016 3, 242 3, 346 3, 503 3, 673 3, 809 

Set-up boxbo&rd 1,077 1,152 l»050 994 1»048 1,054 1,068 1»095 1,120 

Tul>e»caii, and drum alock..., 492 669 628 668 745 973 1,048 1,174 1,058 



Total paperboard.. 24,077 26,957 26,792 28,006 29,869 31,084 32,894 35,207 38,131 



SouK«: U.S. DrjMirtmc5( of Commertf, Bmmm of ibe C«mu», Pu!p, piger, and board --1966. Currtnl fnJtulriai fOpcrtt Strkt M26A (66)-13. 
Waahlaatoa, D.C.^ 1961. Amerietn Paper InalUuiC) Iq<>, Pap«rbo«rd Group. Papvboard InduUry SMittiei-'ll^^ Cbkaio. May 1967. p. 15. Vihtt Box 



Table 6. — Consumption of paperboarH packages by lypet 19S8 to 1966 » 
to uUUotti of oooubera 4ia«d 



T/p« 1958 19S9 1960 1961 1963 1963 1964 1965 1966 



Corrugated and solid fiber ... 9,746 10,976 10,853 11,504 12,027 12,856 13,776 14,850 16,513 

Folding paper boxea. ..... . 120,815 121,910 131,765 135,707 147,825 149,650 153,227 156,293 164.542 

Set.upboxea 5,950 6,369 5,621 5,256 5,574 5,579 5,601 5,744 5,875 

Can* and tubea, 4,836 5,840 5,658 5,913 7,M5 8,724 9,965 11,352 12,958 

Drum*....... 26 29 29 30 32 32 34 36 39 



Totals 141,373 145,124 153,926 158,410 172,503 176,841 182,603 188,275 199,927 



Source: PaptrboanI PoclMging, 52(3): 31 Aufuil 1967« Modified bjr 
Midwett Research loiUtutr. 



Strong. Corrugated id relatively low in cost« The 
average price in 1955 was $1&77 per 1,000 square 
feet; the 1966 price was $16.52. Solid fiber, 
basically cardboard^ is more expensive and sells 
for ab^ut 139 per 1,000 square feet. 

1/36$: Almost all containerboard is used for 
boxes or interior packings. Containerboard boxes 
are used primarily as shippers for ]»ce*packed 
items and also as packing containers for a variety 
of products — furniture, appliances, toys, etc. 
(Table 8). The material is also popular as a liner, 
padding, and partitioning material in interior 
packing. Solid fiber« because of its relatively high 
cost, id used primarily for special applications. 

Corrugated is sold in large quantities because 
it serves utility packaging functions as a shipper 
and it is a strong material that effectively con> 
tains, protects, and cushions the contents. 

New Developments: There is little that is new 
in the basic construction and composition of 



• Tbla eompUaUoo U an e«Umate (bf Paperhwi Pockaging) baied 
on judgment aboul aver ace materiaJ cooaumption per uolt. Cetlatu 
•anitarx conlalneri arc excluded, e.i>, milk eariooa. 



Tablk 7. — Containerboard types: Description and relative 
importance: 1966 



Type ol eoniaincrboard 


Deacription 


Percent 
of total 
contalact- 
board • 


Corrugated double- 


Fluted sheet placed be- 


90 


, face board. 


tween two layers of 






kraft Hner material. 




Corrugated double* 


Two or more double -face 


8 


wa)] board. 


boards combined into 






a single board. 




Corrugated single* 


Fluted sheet lined on one 


1 


wall board. 


side ortly by kraft pa- 






per. 




Solid fiber board 


Single layer of stiff, solid 


1 




fiber. 




Total 




100 



* Bated on •<iuarc feet produced. 

Source: Fibre Dox AMOciation. Fibft Bex !/utuMry Si<aistict^l966. 
Cbkaio, Apeil 1967. p. 16. 
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TabI,k H, "Distribution of ccrrugfitcfl and solid fiber shipping containers to end^tne markets: I9SB-I966 

I'rrcrnt of ftbi|>mfnt» bated on iquire footage ftK[p{>«d 



1958 1959 1960 1961 1962 1963 1961 1965 1966 



Heveragea , , 

Food and kindred |)roiliicts 

Tobacco 

Carpcu, ruga and other floor coveriiig 

Tcxcilca (cxcfpt carpets, rug«, etc.) 

Apparel. 

IiUiiibcr products, except furijtiirc 

Household funiiure 

.All oilier furniture and fixtures 

Paper and pai>er products 

Printing, publishing, and allied industries , . . 

Soaps, cleanere, cosmetics, perfumes, etc 

Paantft and varnishes 

Cbenu ^als and allied products (except paints and var^^ishcs, 

and soaps, cleaners, |>cr/utncs» cosmeticst etc.). . . ! 

Paving and roofing materiaL 

Products of j>elrotenm and coal (except paving and roofing 

materiat). 

Rubber and mi'sceUaneous plastic products. . 

Leather products. 

Stone, clay, and glass products 

Primary metal products. . 

Fabricated metal products 

Servicc-industry machinery 

Other machinery (except electrical and service industry 

machinery). , 

Ktcctrical machinery* equipment, and supplies 

Electrical appliances 

Communication equipment and related products. 

Transportalion equipment (except motor vehichs and 

motor vehicle equip.) 

Motor vehicles and equipment . . . 

Professional and scientific instruments 

Toys, s]K)rling, and athletic goods 

Miscellaneous manuf':iicturing (except toys, sporting^ and 

athletic g(x>ds) . . . . 

Government 
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Sooic^: U.S. l)fpirlm<nl of Commercr, Iiu»in«H aod Drfrn^ Senicca Adounjftlriiion. CorUairutn end Packaging^ 20{2)! 6, July 1967. 



containerboard. Technological ilevelopincnls in 
coatingd anil bulk packaging^ liovsevcr* have 
brought alK)Ut some changes in commercial ap* 
plications antl have improved the performance of 
corrugated boxes. 

Coatings of wax, a variety of hotMnelt sub- 
stances (wax'plaslic combinations), plastics, lac* 
quer, and latex are being used on corrugated. 
These coatings may serve a variety of purposes— 
to provide a protective barrier, to increase the 
wet strength of the boards or to add to the at« 
tractiveness of the container. 

Coatings are not extremely important in all- 



purpose utility shippers, but they are playing an 
increasingly important role in special duty con- 
tainers and consumer packaging. For example, 
coated corrugated containers are now used in 
shipping top'iced goods such as potdtry, seafood, 
and fresh fruit as well as water-cooled goods such 
as fresh vegetables. In consumer packaging, 
coatings are used to improve the appearance' and 
to protect the contents from abrasion and 
scufling. 

Coatings are also being used in combination 
with bleached liners and printing ink to produce 
attractive shipper-display l>oxc8. These con- 
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tainera have assumed considerable importance 
aa a result of the tremendous growth of setf- 
aervice and discount stores/ Shipper-display 
boxes do not represent a significant change in 
technology; tliey do» howevert shift the point of 
disposal from commercial outlets to households. 

Although the use of coated corrugated will 
increase in. the next 10 years, it is unlikely tliat 
such boxes will account for a large share of cor- 
rugated: coated stocks aro used primarily for 
low volume, specialized purposes. In some cases, 
coated corrugated will displace other packaging 
materials, such as wire-bound boxes used to ship 
poultry and fresh fruits. In other cases« coating 
of the board will make a higher quality, better 
appearing box ideally suited for consumer pack- 
aging. When thrown away, the box wnll be more 
difllcult to process in disposal because of the 
coatings 

Recent developments in bulk packaging tech* 
nology^ particularly in the packaging of utility 
goods such as canned foods, are significant because 
of t^eir potential effect on the use of regular 
corrugated containers. Tw o techniques^ — skrinkase 
(shrink-wrapped tray cases) and paper bundling— 
would, if widely adopteil, noticeably reduce the 
amount of corrugated used. A third technique — 
corrugated wrap around— may help corrugated 
to maintain its present dominant position. 

Shrink-wrapped trays are produced by placing 
a number of cans, usually 12, on a corrugated 
tray. A sleeve of shrinkable plastic is then placed 
over the tray (or two stac'^.ed trays) and the tray 
is passed through a heat tunnel where the film is 
shrunk tightly around the cans and holds them 
securely in place. The product is, then ready to be 
aent anywhere w ithout any additional packaging. 

One of the main advantages of shrink-wrapped 
trays is that they are easy to handle at the retail 
level: the film can be stripped away and the tr,ays 
can be stacked on top of each other. In addition, 
it is not necessary to dispose of bulky corrugated 
boxes. 

The potential for shrink-wrapped trays is 
considerable. If used only for canned food packing, 
the process could displace 25 percent of the corru- 
gated presently in use. This, however, is unlikely 
to occur: shrinkase costs about 30 percent more 
than regular corrugated containers. And, white it 
is possible that technological advances will cause 



price reductions* we do not expect this to happen 
within the tune-frame of this report. 

Present shipping regulations present yet other 
obstacles to the widespread use of shrink-wrapped 
trays. The trucking industry has approved 
shrinkase only for certain products; the railroads 
are even slower to act; they have approved 
shrinkase only for test shipping. Reluctance of the 
railroads to pass favorably on shrink-wrapped 
goods stems from the fact that these plastic- 
wrapped containers are somewhat less durable in 
rough handling and much more likely to burst 
upon impact and to spill their contents. 

Paper bundling is a more promising innovation. 
In this technique, kraft paper is wrapped tightly 
around containers for shipping. Usually only 
rectangular items can be wrapped in this way* 
Paper bundling may be accepted as a means of 
packaging certain boxed foods and household 
items, e.g.* cereals and detergents. 

Paper bundling has certain advantages over 
corrugated—it costs 2 to 4 cents less per unit, 
gives excellent crush resistance to the bundle, 
makes the contents less prone to vibration damage^ 
weighs less per unit, and is less bulky. Trans- 
porters are opposed to paper bundling because 
excessive in-transit damage can occur. Since paper 
bundling eliminates the corrugated tray, retailers 
dislike the technique; it causes difficulty in storing 
and shelving opened bundles. 

Corrugated wrap-around systems have also 
made their appearance. This packaging procedure 
is essentially the same as paper bundling except 
that corrugated rather than kraft paper is used. 
A product bundle of 12 or 24 units is gathered 
together* and corrugated is folded around the 
entire product load. The procedure results in a 
tight, stackable, shock resistant package. How 
ever, a rather large capital investment is necessary 
to purchase the fairly complex machinery used for 
corrugated wrap-around systems. 

The corrugated industry is continually develop- 
ing new types of packaging in order to retain 
its share of the shipper market. The industry 
has developed pallet bins that can hold up to 
2,000 pounds, containers with more wet strength* 
collapsible bulk carriers, six-, eight-* or 12-sided 
containers, and rouUi-walled constructions for 
better protection and heavy duty service. 

Outlook: In view of the above developments* 
we believe that containerboard will continue 
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to be the i^rgCHl Biiiglc puekaging material from a 
volume standpoint in the 1%6- to 1976-perioil, 
This forecast recognized the fact that container- 
hoaril H'ill lose some niarkeCH Co plastic films and 
*inglc-ply pa[)crii^; however, containerhoard pro- 
ducers are anticipating such coni|)etition and mak- 
ing technical improvements (among them new 
coatings, superior maclnner)-, new handling sys- 
temSf and stronger containers) which will expand 
corrugated markets to new uses. 

In 1958 containerhoard production stood at 
14.5 billion pounds; by 1966 produ^'^tiou had 
increased to 24.9 billion pounds— a growth rate 
of about 7 percent annually. For the 1966 to 
1976 decade* wc forecast a slightly slower rate — 5 
percent per year. In terms of quantity* this 
rate irieaud that 40.6 billion pounds of container- 
board will be produced in 1976. 

Uoxbourd 

There are three types of boxboards: set-up, 
folding, and special food board. Boxboards are 
composed of solid liber grades of paperboard made 
from virgin fibers or paper slock. Altogether, 
12.2 billion pounds of these materials were 
produced in 1966 (Table 9). 

Sehup Boxboard: Most set-up bovboard is made 
into rigid boxes. The material is stiff and has 
poor bending qualities. While it is the cheapest 
paperboard made, it is usually converted into 
high quality packaging; the unattractive board 
is covered with a c|uality grade, fine paper having 
a glossy, metallic, textured, or printed finish, to 
produce a box which combines attractiveness with 
strength. Textiles, liosiery, shoes, leather goods, 
candy, cosmetics, stationery, photographic sup- 
plies, and jewelry are typically packaged in &et«up 
boxes (Table 10). 

Most sei-up boxboard manufacturers are small 
companies which do not have research budgets. 



Technological advances in macliinery and ban* 
dling have been slow and modest as a consequence 
and are likely to continue to, be so. This is ex* 
[lected to have a depressing effect on boxboard. 
Hov buyers are increasingly turning to con)peting 
materials and containers, for example plastic 
boxes and 'folding paperboard. Some boxboard 
outlets, however, particularly photographic sup- 
plies, cosmetics, candy, stationery, toys tnd 
games, certain textiles, and office supplies are 
fairly secure markets for boxboard. Buyers in 
thcso imhistries view the rigi^l box as the most 
functional form of packaging for their products 
and are likely to continue using it even as they 
demand better quality and fancier decoration. 
In response, boxmakers are expected to use now 
wrapping and printing methods; they will also 
combine boxboard with plastics, cellophane, and 
foil; and they may use hig'icr (piality paperboard 
stock. 

In spile of such innovative activity, wc foresee 
a dcciinc in the amount of sctHip boxboard that 
will be produced. In 1966. 1.1 billion pounds were 
made; by 1976, production is expected to have 
declined to 906 million pounds— a 1.5 percent 
annual market erosion. 

Folding Boxboard: Folding boxboard is a paper- 
board used to produce inexpensive, simple, and 
printable packages. Printing and dispUy charac- 
teristics are es[>ccially important, and folding 
boxboard packages often have cutout windows 
for display or functionirl purposes. About 76 per- 
cent of ail folding boxL»oard is used for folding 
cartons, sucli as cereal boxes, frozen food cartuns, 
cracker boxes, soap and detergent boxes, beverage 
cartons, and a wide variety of other containers. 
Folding boxboard is also used for diecut backs 
of blisterpacks, ihsplays, lids, and the like (Table 

11). 



Ta » L E 9. — Boxboard produ ction : 1 958- 1966 

In inUliona of pou[td« 



UoxWrdtype 19S8 19S9 i 960 1961 l%2 1963 196$ 196S 1966 



Set-up boxl>oard 1,077 M52 J, 050 994 1,016 1,054 1,068 1,095 1,120 

Special food boanl 2,609 2,889 2,89 ( 3,046 3,242 3,346 3,503 3,673 3,809 

Folding boxboard 5,380 5,782 5,at6 5,975 6,24 1 6,434 6,591 6,867 7,229 



Tolal boxboard produciiott 9,066 9,823 9,790 10,015 10,531 10,834 11.635 12, 158 



Soutte: Amerktn Vapcr Irulilute, Tapfrboard Croup. Paperboard industry Siatiaic»—i966. Chicago, May 1967. p. IS. 
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TauI.K 10,-- Distribution of set-up pojx'r boxes to end-use markets: 1958 to 1966 

Id ptfCfftl o( tolit dollar »bipmenu 



im i%o im 



mZ 1963 m% 196$ \^ 



TeKUU«« ^^«rmg a^^iiarcl, and Koatecy 26. 6 

Deparlment stores anil other reuil stores td. 5 

Co&metlcft 2, 'V 

Confections , . '. 7. 7 

DrugSt cheniJcaU, pharmaceuticaU 2. 0 

jewelry and silver re 7. 1 

Stationery and office supplies 5. 5 

If ardwate, KotisehoM, and auto 6. 1 

Toys and guinea ... 2.4 

Shoes and leather goods. , 6. 5 

Food and beverages . , 8 

Photographic products and siipplicB. 7 

Sporting goods. 1. 0 

Other major cuatotnera 1,6 

Miscellaneous ; . , , 9. 5 



29.0 
IS. 3 
4.1 
9.6 
2.5 
1.8 
7,5 
6.9 
2.0 
6.2 
1.2 
3.1 
LI 
4.3 
5.4 



24.1 
15.3 
5.1 
7,3 
6.3 
4.9 
7.2 
6.7 
2.7 
5.0 
1.2 
3.9 
1.0 
2.9 
6.4 



21.5 
11.4 
6. 1 
10.6 
4.0 
6.1 
6.9 
2.B 
3.0 
2.6 
1.3 
4.9 
1.0 
(0 

17.8 



28.8 
12.6 
5.9 
9.4 
2.9 
5.0 
6.7 
3.2 
1.8 
4.6 
1.2 
3.3 
.7 
(0 

13.9 



24.6 
15.8 
6.8 
12.4 
4.8 
4.2 
5.5 
3.6 
2.8 
3.0 
1.4 
2.4 
1.1 
5.6 
6.0 



16.7 
14. 1 

7.7 
IL 

4. 

8. 

6. 

3, 



1.9 

L8 
2.7 
2.9 
L9 
7.9 
9.5 



18.7 

14.3 
9.2 

12.8 
4.3 
6.2 
7.1 
3.7 
2.1 
1.4 
1.2 
1.3 
1.0 

J1.6 
5.1 



27.3 
12.3 
10.9 
7.5 
5.3 
4.1 
4.3 
1.3 
1.9 
3.4 
L2 
4.1 
1.5 
8.4 
6.5 



Sourc«: U.S. Dep«t(aient rv( Commerce, Ouamrti «nd Ucfrat« S«rvk<« AdiiitnUu«tioa. Con^<i{a«ri and Packating, 20C2);7t Julr 1967. 



Table 11. — DiMributior% of folding paper boxes to end-use markets: 1958 to 1966 
In pfrccnl of total tonnage ibtpcnettU 



CnJI*use market* 



1958 1959 I960 1961 1962 1963 I96t 1965 ]966 



Arnieil forces and t[uartermaater 0. 1 

Medtcitia) products 3. 7 

Cosmetics and personal accessories 2. 3 

Soap 11. 1 

Food, except candy and baked goods 23. 9 

Candy and confectionery , 4. 9 

Crackers and baked goods. 10. 7 

Tobacco and related products 4. 7 

Hardware, apph'anccs, and automotive supplieg 4, 5 

Sporting goods and toys 1. 2 

Textiles and apparel 4. 7 

Kelail bo.tcs. . 3.7 

Laundry boxes 4 

Rubber gm^iis .9 

leverages 9. 5 

Pa|)er gocds or products 8. 9 

Miscellaneous , . , 4. 8 



0. 1 
3.9 
2.4 
11.6 
23.5 
4.7 
\\>.^ 
3.1 
5.6 
L3 
4.9 
3.7 
.4 
.7 
9.6 
9.3 
4.7 



0.2 
3.7 
2.5 

1L9 

23.7 
4.9 

10.5 
2.5 
5.5 
1.3 
4.7 
4.0 
.4 
.6 
9.8 

10.0 
3.8 



0.2 
3.7 
2.5 
12.4 
24.5 
5.0 
9.6 
2.2 
5.4 
L4 
4.5 
4.0 
.4 
.6 
9.5 
10. 4 
3.7 



0.4 
3.7 
2.6 
12.3 
24.0 
4,8 
9.3 
2.2 
5.7 
1.4 
5. 1 
4.0 
.5 
.6 
9.7 
10.0 
3.7 



0.2 
3.7 
2.9 
12.6 
24.1 
4.3 
8.7 
2.0 
5.8 
L3 
4.8 
4.4 
.5 
.5 
10.0 
9.5 
4,7 



0. 1 
3.8 
3.2 
12.3 
23.5 
4.1 
8.6 
1.9 
5.9 
L3 
5.4 
4.3 
.5 
.6 
10.4 
9. 4 
L7 



0.2 
3.7 
3.5 
12.3 
25.3 
4.4 
8.6 
1.7 
5.7 
L4 
4.7 
3.6 
.5 
.5 
1L7 
7.5 
4.7 



0.4 
3.2 
2.4 
8.8 

53.9 
4.8 
9.4 
3.0 
5.1 
L3 
3.3 
2.0 
.5 
.5 

10.5 
6.3 
3.7 



Source: VS. flepartnirnt M Commerce. Buiiin«ft« and UetenAe Service* A<ttiiim*ttalion. Containfrt ond Patkaginf, 20(2): 7, JxAy 1967. 



Itt recent years there lias hcort a trentl toward 
upgrading xhc ciuality of foMing boxlioariL Virgin 
fibers are being uscil more frequently at tlic ex- 
pense of paper stock; improved finished, coatings, 
full color printing, and other decorative lech- 
niqtiea are more widely employed to improve 
appearance. Folding hoxhoa.^il has also been com- 
binci} with plastic sheets to form blisterpackB, 
skm packs, slrclcliablc film packs, and similar 



combination packages. (In general, these last 
mentioned packages hold the proihiei to a sheet 
of paperboard by means of a transparent plastic 
sheet; the sheet is heatformed to the contours of 
a die or to the product itself. Use of this typo of 
packaging has been growing by leaps and bounds.) 

Folding boxboard is in a j>eriod of intense 
competition nith plastics and flexible packaging. 
Box manufaclurers are responding to this coinpe- 
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Ution with better quality and more attractive 
packaged, whtie taking /u]l advantage of oppor* 
tunUiej9 offered by a **a)arr]age" with their cowl* 
petitora in blidterpacks, &kin packs, display con* 
taijierd, and i)ie like. As a result they sho\dd be 
able to offset their losses to competing materials. 
Most folding boxboard will continue to be used as 
the base for functional containers in high volume 
consumer products— -cereals* cleansing tissues, 
medicinaU, etc. The rapid growth of no-return 
beverage containers is also providing a relative 
new high volume applicatlQU for no return cartons 
too. However, in the next 10 years, folding box- 
board will continue to grow at a relatively slow 
rate of about 2.8 percent per year; production is 
expected to increase from 7.2 billion pounds in 
1966 to 9.5 billion pounds in 1976. 

Special Food Board f Special food board is made 
from solid, bleached, virgin-ftber paperboard. It 
is used for rigid containers that have higli moisture 
barrier properties and highly printable outer 
surface finishes. 

This board is used almost exclusively for 
packaging foods— primarily dairy products and 
frozen foods (Table 12). Nearly half of the xna* 
terial is used to produce milk cartons. A large 
proportion of special food board is coated with 
polyetJiyJene, hot-melts, or wax. Plastic coating 
of paperboard is a relatively recent phenomenon 
and should continue to grow. In 1955, 42.8 
million pounds of special food board were coated 
with 11.2 million pounds of plastics. In 1966 the 
figures had risen to 1,588 million pounds of special 
food board and 186 million pounds of plastic 



coatings. This large increase is attribiitable to 
the flubatilullon of extruded polyethylene for 
wax in milk carton coatings, a development which 
took place in the 1960 to 196^1- period. 

The technology of food board packaging is 
well advanced^ Food board, however, is beginning 
to feel some stiff competition from vdriom typCB 
of plastic containers. One example is the a\U 
plastic milk bottle. The special food board carton 
is now being used for a variety of new product 
applicationB^-popcorn, fountain syrups, potato 
flakes, meat sauces, and other specialty foods, 
applications also vulnerable to plastics. The food 
board industry can be expected to use more foil 
laminations and more polyethylene and hot*melt 
coatings to improve the barrier properties and 
attractiveness of these paper containers. Addi* 
tionally, new forms such as nested cup-and*pdil 
styles and plate, dish, and tray styles will be 
used more widely for packaging direct consumer 
purchase items such as cottage cheese, ice cream, 
fresh meat, and produce. 

These technological moves will counteract tho 
effects of competition from plastics, which are 
expected to penetrate deeply into food boaj'd 
markets in many areas, especially milk, ice cream, 
cottage cheese, butter, and margarine packaging. 

Barring legislative action,* the growth rate of 
special food board will largely depend upon the 
relative cost of competing plastic containers and 



•New York City for example recently adopted legUta- 
tion requiring that packaged meatft be UiWy visible from 
aU sides. 



T\BLE 12. — S/M?cia( foodhoard production hy end use: 19S8 to 1966 

fn millions of poundi 





1936 




1960 


1961 


1962 


1965 


1964 


196S 


1966 




1,021 


}.m 




1,201 


1.357 


J,35i 


1.381 


l»50i 


1.564 


ParafTiri carloru^, paperboard pait^, and frozen food 






















685 


790 


737 


m 


762 


837 


9li 


905 


861 


Ifeavy weight cups, round nci*led fnod containers 






















517 


576 


575 


626 


619 


651 


658 


687 


739 


Liquid tight containers, ini$k bottle Iiood», and 






















83 


85 


110 


101 


96 


80 


85 


67 


68 




206 


23 1 


247 


2S6 


297 


320 


358 


101 


461 




9t 


lOB 


83 


88 


81 


101 


lOi 


106 


1 10 




2»609 


2, 889 


2, 89 1 


3.016 


3, 2 12 


3.316 


3. 503 


3,673 


3,809 


Source: Acn«ican lUpfr IntlUutr^ Inc., Tapcrboark! Group.. PaporWrrf Intfusiry Stoiistia 


-7966. Chlc«go, M«y 1967. p. 
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the forming anil filling machinery thcso latter 
will need. If plastics penetrate the market to a 
greater degree than we think likely at this thne, 
the actual volume of food board will decline, 
Plastics can penetrate the market to a greater 
extent, however, only if the container costs drop, 
more attractive machinery purchase plans arc 
developed* or if consumers become inclined to 
pay a premium for more convenient, lcak«proof, 
and attractive packages. The first two of these 
possibilities are likely to materialize relatively 
slowly; the consumer, on the other hand, lias 
already demonstrated a preference for plastics, 
even at a higher cost. Consequently, it is difficult 
to make a confident forecast in this packaging 
category. 

We assume that in the 1966 to 1976 period 
plastics will not become competitive with food 
board in toto even though they will have a signifi* 
cant impact on food board. An annual growth 
rate of 4.9 percent is most likely to characterize 
this material. Production should increase, as a 
consequencet from 3.8 billion pounds in 1966 to 
6.1 billion pounds. 

Gm, Tn6e, and Drum S^ocfc?* Fiber cans, lube», 
and drums are commonly made from heavy kraft 
papers in combination with other materials such 
as aluminum foil or plastic. The ends or rims of 
these containers are often composed of another 
material — wood, plastic, or metal — ^to produce a 
composite package. The use of composite cans 
and tubes has increased in recent yeara. Their 
chief advantages are lower cost and lower weight 
per unit than all-metal cans. 

The three major markets for composite cans 
are refrigerated dough products, frozen citrus 
juice concentrates, and motor oil (Table 13). 
Al>out 1.4 billion composite containers are used 
every year to package refrigerate<l dough. An 
equal number of composite cans are currently 
used to package motor oil. In addition to these 
pro<lucts, conijKJsite cans are used extensively for 
citrus juices, other food products* and paint. 

Fiber tubes are frequently used for mailing 
purposes and also serve as cores to provide inner 
support for products such as wax paper, paper 
towels, and aluminum foil. 



*Can, tube, ami drum stock id not the only paper grade 
u«ed to make these items but is representative of the 
products described. 



Tad LB \Z.—Oiuribiition o/ fiber can and lube shipments: 
1965 and 1966 



MtiJion uniu 

irr «nu compoMlf fihtr c«n*— *nJ ui* — — — . 

1965 K9C6 



Food products: 

Frozen cilru* juices 985 996 

Ucfrigeraied dough products 1,395 1,421 

Ollicr food products (*) (•) 

Xoii'food products: 

Motor oil.. , 1,306 1,365 

Otiicr uon-food products (•) (•) 



MUik>nft of pound« 
Tubr* ami corct (nrt wetght) 

196$ ■ 1966^ 



Spiral tubes and cores 478 521 

Conglued tubes and cores. ..... 74 80 



Total 552 COl 



* Not avAildhlf. 

Source: National Fibre Can and Tube AMociation. Fibre Can and Tii6« 

!ndu.%try Statistic*, \9(3t. 



Tabve 14.— Fifccr drum sktpmenls by end u$e: 1966 



Knd uw IVrcfnt of 



Foods and rcJatcd products 15 

Soaps and detergents 6 

Fhariuaceuticals 7 

Plasties — molding cornpottnds and resins 17 

Chemicals 41 

Abrasives, metal powders, wire alloys, stamp- 
ings, machine parts 6 

HoKed materials 2 

Direct sales to government and other. *. . . 6 



Tola! 100 



Source: HuIIl ParkaginK and Conrainmtaliud Inttilulf^ Inc. '^Fibre 
Uruina Again Oimb to New Hecorda/' Prria f«!caic« Auguit 1967. 



Fiber drums are used as shippers o( dry or 
semiliquid products (Table 14); 11 percent of all 
fiber drums, however, arc used for carrying 
liquids. Fiber drums range in capacity from 5 to 
55 gallons and, under Interstate Commerce Com- 
mission regulations, they are permitted to carry 
550 pounds. In 1958, 26 million drums were 
shipped; in 1966 the figure was 38.3 million (Table 
15). Fiber drums arc frequently used for one-trip 
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Tabi.b 15.— fi/x**- drum shipmrnti 1958 to 1966 



Ye«r MiUiofli 
of uniii 

1958 26.0 

1959 29.2 

1960 28.4 

1961 , 29.1 

1962... 32.6 

1963 32,2 

196* 33.9 

1965 3i.7 

1966 , 38.3 



SouTC«: Bulk Ticliikfig tnd Cont*m«ru«tioi» IniUlutf« {o«. Fibre 
Drum I A|«ln Climb lo N«w Hecordf." Vttu rtitttt, Atigiic 1967. 

service, and ihey compete primarily with steel 
drums.* 

Given tlie present state of technology, compos* 
ite cans cannot be used for products that must 
be packaged under high pressure, vacuani, or 
high heat. The main technical frontier facing 
composite cans and tubes is development of higher 
barrier properties, at lower cost, than can be 
achieved by tlie materials now used. Aluminum 
foil is most commonly applied as a fiber can liner 
today; but aluminum is being replaced in some 
instances by polypropylene, polyethylene, ethyl* 
ene vinyl acetate^ hot-melt coatings, grease-proof 
paper, glassine, and plastic coatings arid lamina- 
tions. 

Technological advances may well open up new 
markets for composite cans. For example, a 
seven -layer composite can was recently developed 
to hold shortening. The can consists of layers of 
polypropylene, aluminum foil, polyethylene* kraft 
paper» paperboard, and an aluminum foil outer 
label. This container performs as well as steel 
cans in providing effective grease and oxygen bar* 
riers* The composite is also cheaper and weighs 
60 percent less than a steel can. The concept is 
adaptable to other products, such as containers 
for nuts, snack foods, and instant coffee. 

One of the most important technical advances 
would be development of a composite can that 
could be used for packaging beer and soft drinks 



•Fibf r drum* usually enter the vasle alream at a slower 
rate than that suggested by one»irip use because the druma 
are often put to Bccondary usee, each as storage or traeh 
barrels. 



under heat, pressure, or vacumn. Such a develop- 
mcnt does not appear likely within the next five 
years. 

The outlook for composite cans is generally 
favorable, but the growth of these containers wiU 
be relatively mode6t-^2 to 3 percent per year— 
because they arc not expected to penetrate into 
new large volume markets soon and because they 
already enjoy preeminence in packaging several 
non^pressurized liquids and semi-soUd products, 
At the same time the oil can market is coming 
under increasing competitive pressure from both 
plastic and metal, and fiber composite cans are 
likely to yield ground here in the near future* 

Should a technological breakthrough take place 
to qualify composite cans for markets now held 
by steel and glass, the growth rate would be con* 
siderably higher. A paper-based container could 
then enter the lucrative beverage packaging mar« 
ket or utility goods packaging* While we do not 
rule out such a breakthrough, we do not expect it 
to take place before the mid-1970*8. 

Research is also being conducted on ways to 
increase the suitability of fiber drums for shipping 
liquids* Plastic polyethylene linings have been 
developed in a variety of forms — extrusion 
coated kraft liners, blow-molded liners fused to 
the walls, and semi-rigid liners f^^med separately 
to bo inserted into the drums. However, tech' 
nological advances that increase the cost of fiber 
drums lessen their competitive position vis -d -vis 
steel drums* 

In the next 10 years, however, fiber drums 
should have a growth rate of 3 to 4 percent a year. 
Increasing the use of fiber drums for liquids at 
the expense of steel and improved structural de- 
signs should help create this expansion m fiber 
drum use. 

The total quantity of all fiber, can, tube, and 
drum stock produced in 1966 was 1.1 billion 
pounds* Consumption in 1976 should exceed 1.3 
billion pounds, representing a 2 percent annual 
growth rate* 

Paperbocfd'^Summary Outlook 

Of the five types of paperboards only one, 
set-up boxboard, will decline over the next 10 
years. The other types will show increases of 2 
to 5 percent. As a group, paperboard materials 
will have a growth rate of 4.4 percent in the 1966 
to 1976 period (Table 16 and Figure 5). 
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Tablr {6,—Vrodiivii(in of /packaging grades of pa^tcrboani! 
1966 an<l 1976 

Million* of pottft<J» T^O'jear 

r*leof 

VtptihoMfJ type Actual-- Fof«< change 

1976 



Containerboard 


, 24,915 


40,580 


5.0 




7,229 


9,530 


2.8 




, 3,809 


6, 140 


1.9 


Set'Up b<*xl>oard 


. M20 


960 


-J. 5 


Tube, ca«i and drum stock. . 


. 1,058 


1,290 


2.0 




. 38,131 


58, 500 


4.4 



Source: MIdwcii ItfMarch loatUuie. 

Flexible Paper 

Flexible papers* constitute the second major 
group of paper and paperboard materials. There 
are five major types of floxible paper: bag paper; 
converting paper; wrapping paper; shipping sacks; 
and glassine, greaseproof* and vegetable paper. 

Flexible papers are used for a variety of basic 
packaging purposes. These papers are inexpensive, 
machineablct and easily combined with other 
materials such as plastic and aluminum foil to 
change their physical properties- These com- 
binations add strength and stiffness to flexible 
papers or increase their resistance to moisture, 
grease, and gases. 

Flexible papers are usually made from un- 
bleached kraft paper. Flexible paper grades are 
coarse (as opposed to Hne papers made from thin- 
ner stock and with a higher fmiab). 

A significant amount of research is being done 
on ways tocreate a ^*pla8tic-paper*' by combining 
the two materials. In one process, paper is im- 
pregnated witli a thermoplastic monomer at the 
paper mill, and the impregnated paper is converted 
into a container. This process eliminates the step 
of separately coating paper with plastics. Another 
plastic-paper process involves encapsulating wood 
fibers in a polyolefm (e.g., polyethylene). The en- 
cased fibers are then formed into sheets and the 
result is a plastic-paper with the characteristics 
of both materials. 

Neither process has been developed to the point 
of commercial application at this time^ and very 

•The flexible paper grade:^ were analyzed in lesa deptb 
than other packaging toaterials categories because of un* 
avaifability of specific information. ITistoncal trends in 
consumption were the chief basis for making volume 
forecasts. 



likely plastic-papers will not have a significant 
impact on packaging before the mid*1910*6. How* 
ever, these and other research activities should be 
Watched for developments that may cause sig- 
nificant changes in the characteristics of packaging 
papers. 

Bag Paper 

Bag paper is the largest group of flexibk papera* 
By far the most common bag paper product is the 
grocery sack, made from unbleached kraft paper. 
A small amount (one-eighth) of bag paper is 
converted into variety and specialty sacks used for 
carrying merchandise. These sacks arc often 
bleached and printed* 

Converted bag paper products are used primar* 
ily for sacking of groceries. The grocery sack is 
made of a heavy grade paper and corned in a 
variety of sizes, the most common capacity being 
jne-sixth of a barrel (0.85 cubic feet). 

The quantity of bag paper produced has grown 
at a relatively high rate in recent years— about 
5 percent in the period from 1958 to 1966. The 
basic force behind this growth has been the ex* 
panston of retailing operations in supermarkets 
and chain stores. In addition, increased volume 
has been due to the practice of double bagging 
groceries. Double bagging is practiced because a 
single grocery sack is not always strong enough to 
hold heavy items, such as canned goods, and it 
also tears easily when it becomes moist after 
coming in contact with frozen foods and other 
items that may be damp. 

New Devdopmenls: To overcome some of the 
disadvantages of grocer's sacks, double wall saeka 
have been developed. These containers eliminate 
the need for double bagging and cost around 2S 
percent more than single sacks. However, many 
store owners object to the price differential, and 
housewives often prefer two sacks so they will 
have a supply of these available for secondary 
uses at home, such as lining wastebaskets. None« 
thelees, many retailers are expected to eventually 
adopt double wall sacks — in place of bagging* 

Manufacturers have also experimented with 
sacks made of ''extensible*' paper. This paper is 
softer, more pliable, and stronger than regular 
paper bag stock, and it stretches when impacted 
rather than bursting. Housewives have not ac- 
cepted extensible paper bags because the bags feel 
weaker, even though they are stronger than the 
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ordinary grocery sacki (This paper has been ac« 
cepted by many induatrlal packagers for aacks 
because of Its high strength.) 

Variety and specialty sacks, used to carry 
merchandiBe from the retail store to the home^ 
are increasingly being combined with metal foil, 
polyethylene, other plastic films and coatings^ and 
wax base coatings. There is a general trend to 
higher quality bags with belter etrength, barrier 
propertleSt and more decoration. 

In the future it is possible that the regular 
kraft paper bag will be replaced by an albplastic 
lined or coated paper sack. At present, neither 
retailers, because of the cost, nor housewives« 
because of their dislike of flexible sacks, are willing 
to accept plastic sacks. However, new develop- 
ments in plastic technology may enable nrnnu- 
facturers to overcome these problems. 

One new application of paper sacks — as refuse 
conlainers^-might considerably increase the 
volume of paper bag stock made. In some areas, 
large paper sacks have been found to be highly 
acceptable substitutes for metal refuse cans in 
trash collection. Use of disposable sacks can result 
in eavingd in labor and maintenance costs. Because 
of the savings, these sacks are likely to find ready 
acceptance in industrial and institutional refuse 
collection practice. Various industry sources have 
estimated that the potential U.S. market for paper 
refuse sacks is 2 billion or more pounds of paper 
per year. At present, the prime deterrent to the 
widespread acceptance of paper refuse sacks is 
cost— 8 to 15 cents per unit. At the rate of two 
sacks per week at a cost of 10 cents per sack, use 
of paper would add about $10 per year to home* 
owner costs, 

Outlook: Bag paper will continue to be accepted 
as a low cost product for grocery sacks and, when 
combined with other materials, as stock for variety 
and specially sacks. Since supermarket retailing 
and other forms of merchandising are expected to 
continue to expand, the consumption of bag paper 
stock will also increase. During the 1958 to 1966 
period, bag papers had a growth rate of almost 5 
percent per year. We expect this growth rale to 
decline slightly — to 4,1 percent a year — primarily 
on the assumption that double walled sacks will 
become more important and partially displace 
double bagging (double walled sacks use less 
material than two separate sacks). The total 



number of pounds used in 1966 was 3.4 billion; in 
1976, 5.0 billion pounds should be used. 

Convetilng Paper 

Converting papers are coarse grades, produced 
for converters who make the paper into some kind 
of package. Converting paper is also used for 
envelope and creping stock. More than halt of the 
converting paper produced (58 percent) is made 
from unbleached kraft paper (Table 17) » 

During conversion, papers are usually coated 
or laminated with a variety of materials to increase 
their barrier properties. The moat commonly used 
materials are asphalt, wa?(, polyethylene, lacquer, 
resin emulsions, plastic film, foil, and otiier papers, 
such as giassine. 

Converting paper is frequently used for flexible 
packaging in the form of printed and laminated 
rolls, for a variety of bags and pouches, and A)r 
envelopes (manila and heavy-duty mailing)^ 
shipping sacks, cups, and other container forms. 

Polyethylene and other plastic resins are re* 
placing some of the older coating materials, such 
as wax and asphalt. Converters are ^ i^atantly 
offering new combinations of converting paper 
and other materials to satisfy the packaging re* 
quirements of their customers. Converting paper^ 
along with all other nonplastic materials, is en- 
countering growing competition from plastics in 
flexible packaging. Paper^s share o/ the total, for 
example, declined from 39.9 percent in 1962 to 
38,5 percent in 1966. In the same period, poly- 
ethylene fllexible has gone from 33.6 percent of the 
market to 39 percent, cutting into the share held 
by paper and cellophane. 

Converting paper is a basic packaging material 
with an advanced and efficient production and 
conversion technology. The volume usage should 
remain stable for some time in spite of the compe- 
tition from plastics. Wax* and asphalt -coated 
grades may decline in use, but this decline will be 
offset by the increased use of envelope stock and 
papers treated with other materials. We foresee a 
slow growth rate of 0.3 percent a year, and an 
increase in volume from 2.4 billion pounds in 1966 
to 2,5 billion pounds in 1976. 

Wrapping Paper 

About two-thirds of all wrapping paper is made 
from unbleached kraft. Wrapping paper is coarse, 
strong, and economical. These papers are some- 
times coated or impregnated with wax, polyethy* 
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TAOtK ll.'-Produclim of converting paper by fype: 19SSU>1966 

In mUtioof oi pounds 



Tfpt ot ccavftling p$pti: 



1953 



19S9 



1960 



1961 



196^ 1963 1964 1965 



1966 



Unbleached krafn 

ABphaUing paper including creping 6tock for 

asphalting 305 310 285 283 277 293 370 384 428 

Giber creping . 50 52 49 47 32 26 25 25 22 

Envelope Mock 114 166 163 171 177 167 165 180 •182 

Gumming stock 165 222 178 173 181 128 93 110 111 

Twisting and spinning stock (1841) and up). . 50 49 32 25 24 24 31 26 22 

Waxing slock (18.1b and up) 41 48 53 43 47 43 26 30 26 

Other convening 368 560 516 532 570 648 615 627 • 624 

Total unbleached kraft . . 1,093 1,407 1,276 1,274 1,308 1,329 1,325 1,380 1,415 

Other coarse converting paper: 

Envelope Slock 171 174 159 183 187 168 215 26i * 257 

Gvunmmg slock , ... 20 19 20 28 29 29 29 27 24 

Twisting and spinning stock 14 24 26 22 21 25 27 20 19 

Waxing stock (!8 !b and up) 381 370 358 369 363 363 342 330 '313 

Cup Slock (under 90db) , . 60 64 66 63 77 86 82 7$ 98 

Other, such as asphalting, creping Slock, etc. . 271 283 254 283 309 . 317 285 310 298 

'lolal— other coarse convening 917 934 883 948 986 967 968 1,023 1,009 

Total-convening paper 2,010 2,341 2, 159 2,222 2,294 2,296 2,293 2,403 2,424 



* Ai)ju»tcil liy Mi(lwr«l Hrwatch InttUutv. 

Source: U.S. Deiiariincnt o( Coiiimercf» Bureau of th« CenftUi. Pulp, 

lenC) lacqiierd, hot-niclts^ resin cniiitsions, and 
asphalts. They may be laminated to other kraft 
grades or to altiuiiiiuni foil or glassine. 

Wrapping pa|)crd are generally used for wrap- 
ping from roll stock b) machinery and wrapping 
from rolls or precut slie^^tft by hand. A great deal 
of wrapping paper is \wcd to wrap industrial 
products 8ucli at* lumber, roofing shingles, and 
steel; and food products, sucli as meats and frozen 
foods, in the store. Because wrapping papers arc 
strong, they are some tunes used in making paper 
cans, tubes, and other containers. 

It is likely tliat plastic will replace many of the 
currently used coatings and laminating materials. 
Polytchylenc is replacing wax and asphalt as a 
coating material because it oflcrs better crease 
resistance, heat seal characteristics, and good 
moisture and grease barrier properties. Wide- 
spread use of the paper bundling technique of 
wrapping would mean an increased use of wrapping 
paper. However, the future of this technique is 
not yet certain. 

The volume of wrapping papers increased 
slightly from 1.1 billion pounds in 1958 to 1.2 bib 



M26A(6^n). W*»hiatto€t. D C ^ 1960-1967. 



Serie« M26A (59-13)- 



lion pounds in 1566. The growth rate should rc* 
main modest because of competition from plastics 
and the decline of hand wrapping. A growth rate 
of 2 percent a year* yielding a 1976 volume of 1.5 
billion pounds, is forecast for this product 
grouping. 

Shipping Sacks 

The shipping sack grade is used to make ship- 
ping sacks primarily to carry powdered or granular 
products, such as fertilizers, cement, carbon black, 
feeds, mulches, and the like« Shipping sacks arc 
multiwalled, with at least three plies, and are de- 
signed to carry a minimum of 25 pounds. About 
30 percent of all shipping sacks are made of ex*^ 
tengiblc kraft paper, which enables the sacks to 
withstand stress more cfTectively than regular 
kraft papers. 

Plastics and various forms of bulk packaging 
have been competing f%r the markets traditionally 
held by shipping sacks, fn response to the use of 
all -pi as tie sacks for some products, many shipping 
sacks now combine kraft paper with other kinds 
of paper, plastics, or textiles. Paper sacks com* 
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bined witli plastic as a eoaling* lamination, or 
lincft offer toughness amt moisture resistance. 

In addition, shipping sacks are in competition 
with other packaging confignralions such as 
barrels and pallet bins; the latter are often used 
to ship larger ({uantities than can be shipi)ed in 
sacks, or in place of sacks because ihey arc easier 
to handle. Shtpphig sack manufacturers have 
responded by developing a sack with a sc^uared 
end that makes the sack easier to handle and to 
store and enables it to bo placed on a pallet* 
Kecenlly, a 30*cubic-foot paper sack that could 
hold 1,700 pounds was developed. This "jumbo" 
sack can be handled by forklift and may be 
useful in bulk shipments if the paper handling 
equipment is available. 

Shipping sack closures have also imdergone 
changes. Formerly, shipping sacks were sewn 
closed, with the consequence that they were 
difBcult to open and reclose. Now, many bags 
have built*in valves or open mouths that can be 
sealed shut, opened, and resealed. In adcMtion to 
easy-open features, many bags now have handles 
that make it convenient for cusiomers to carry. 

For the pcrioil 1958 to 1966 the volume of 
paper for shipping sacks increased slowly, about 
2 percent a year. Because of the increased com- 
petition from plastics and other forms of bulk 
packaging, this rate will be even slower in the 
period up to 1976. Our forecast is for a growth 
rate of about 1 i)ercent, from a volume of nearly 
2.0 billion pounds in 1966 to a volume of 2,2 
billion pounds in 1976. 

Gtassinej Greaseproof^ and V^egetable Paper 

Classine, greaseproof, and vegetable papers are 
among the oldest types of packaging materials. 
Classine is a transparent super-calendared paper 
with a smooth surface and high density. Grease- 
proof has been treated during the papermaking 
process to make it resistant to grease, fats, and 
oils. Vegetable paper has been treated with 
sulfuric acid to make it tough, dense, and highly 
greaseproof. 

Classine, greaseproof, and vegetable papers 
are used primarily in food packaging. These 
papers may be plain, or they may be coated with 
wax or lacqiier when additional resistance to 
moisture, odors, or gas is necessary. They are 
used as pouches, bags, wraps, and envelopes for 
such food products as snack foods, cake mixes, 



baked goods, candy bars, and butler. These 
papers are also used as package liners, dividers, 
and inserts for meat products, cereals, cookies, 
candy, and the like. 

Here as in other areas, plastic fdms are com- 
peting with gtasainc, greaseproof, and vegetable 
papers. However, flexible papers arc gaining in 
such new applications as lineirs for baked goods 
packages, refrigerated dough tubes, motor oil cans, 
and cooking pouches. Classine, greaseproof, and 
vegetable papers will be important packaging 
materials for some of the new food products that 
continue to be introduced — prepared mixes, 
powders, and dehydrated foods* These papers 
may also be used for highly specialized applica* 
tions, such as wrapping of pre-greased mechanical 
patrts. 

In the future, glassine, greaseproof, and 
vegetable papers will continue to be important 
food packaging materials, especially in those cases 
where barriers to grease, odors, moisture, and 
gases are important. Because they are adaptable 
to many new uses, especially consumer food 
products, their use will continue to grow. Wo 
forecast a growth raleof approximately 2 percent 
a year, from 434 million pounds in 1966 to 520 
million poimds in 1976. 

Flexible Papers^Summary Outlook 

The flexible papers category of packaging 
materials will liave an overall growth rate of 2.2 
percent until 1976. Bag paper will have the highest 
growth rate in the group — 4.1 percent, wliile con- 
verting paper will have the lowest at 0.3 percent 
a year (Table 18 and Figure 6). 



Tablk 18- — Production of flexible packaging f>apers by type: 
1966 and 1976 





Millions of pound* 
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(percent) 






1,520 


2.0 




1.98i 


2,240 


1.2 




3,3S8 


5,000 


4. 1 




2, 424 


2,500 
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Glaftsjne, greaseproof, and 
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520 


2.0 


Total 


9, 434 


11.780 


2,2 
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Specially Paj>er 

Specialty papers* include coated converting 
paper (one side); uncoated converting paper (book 
paper); tissue paper; and pressed and molded pulp. 
These papers liavc liinited or specialized applica- 
tions in packaging and are of lesser imi)ortancef 
from a volume standpoint, than the other paper 
and paperboard categories. 

Coated Contorting Paper (One Side) 

Coated converting papers are relatively in- 
expensive^ easily convertible, and, when printed^ 
have an attractive appearance. These papers are 
not strong and are not used to protect the product. 
Printed can labels, gummed labels, printed outer 
wraps, and cover papers are the principal appli- 
cation for coated converting stock. These papers 
are also commonly foildaminated to provide 
moisture control for certain products, for example, 
cigarette wraps. 

New coattngd and coating techniques, new ad- 
hesives, and advances in printing methods are 
being developed, although at present these de- 
velopments are of relatively minor importance. 

Uncoated Converting Paper (Book Paper) 

Uncoated converting paper is usually of a 
finer grade than coated slock. Most uncoated 
converting papers end up as books, magazines, 
and writing tablets. However, about 20 percent 
of the book paper goes into l>ackaging applica- 
tions. Of the proportion used in packaging, about 
75 percent is used for envelopes. These uncoated 
papers may he coated and then used in ways 
similar to coated converting paper. Consumption 
for packaging uses was 1,1 billion pounds in 1966 
and will ineresc to 1.4 billion pounds in 1976. 

Tisiue Paper 

Tissue is a lightweight paper made from pulp, 
with either a hard or soft surface finish. Some 
tissue paper is impregnated with resins or chcmi* 
cals to inhibit tarnish, corrosion, and the action of 
fungi or bacteria. 

Tissue paper has limited uses. It is used pri- 
marily as an inner wrap for stjch items as hosiery, 
flowers, silver, and candy, Tissue paper is also 



^Reliable <*nd use data are not available for materials [\i 
lUid category; thus, ihiH paf>er group could not be analyzed 
as completely An were oihera. The qua ritita live forerasts 
arc based primarily on liiatorical trends modifie<l by oiKer 
factors H'hcrc approprtal<*. 



used for in*store packing to cushion clothing and 
to protect fragile goods. In industrial applications, 
it is used to form protective layers between sheets 
of glass, metal, plastic, linoleum, and the like. 
About one-third of all tissue paper is used as 
stock for wax tissue paper (Table 19), 

Tissue is most frequently used in hand pack- 
ing or with semi-automatic packing machinery. 
These packing methods arc becoming less im- 
portant and arc being replaced by more automated 
operations. Dccause ihswe is soft and pliable, it 
is not easy to use on automated machinery. 
Waxed tissue paper is being replaced by other 
coated papers and plastic films. The volume of 
waxed tissue paper has declined from 215 million 
pounds in 1959 to 171 million pounds in 1966. 

Tissue paper should continue to be used in 
considerable quantity, especiaUy in those appHca* 
tions where its special characteristics are impor- 
tant. For example, tissue serves as an tiiexpensivo * 
protective material for silver and other environ* 
ment*sensitive products. On the other hand, 
because tissue paper is not readily adaptable to 
jnany modem packing techniques and because of 
competition from other coated papers and plastics, 
there will be an overall decline in the use of tissue 
paper. We estimate this decline will take place at 
a rate of 1.6 percent a year; volume should go 
from 472 million pounds in 1966 to 400 million 
pounds in 1976. 

Molded Pidp 

Pulp can be molded into low-cost packaging 
shapes. It is made from unaltered wood fibers 
such as pulpwood or chips (sawmill waste) or 
secondary fibers such as waste newsprint. Tlie 
resulting material is absorbent, has a low density, 
and can be formed into rigid pieces. 

There are two basic forms of molded pulp 
products — plates and dishes, and packing con- 
tainers. Plates and dishes are commonly used for 
pies, cakes, and other baked ^oods; food service 
trays; paper plates; meat and produce trays. 
Molded pulp packing containers arc used for egg 
cartons, egg crate flats, fresh fruit trays, and 
inserts to hold fragile items such as fluorescent 
lights and electronic parts. Most molded pulp is 
made into egg cartons and meat and produce 
trays. 

The teclmology of producing molded pidp 
packages is relatively stable. Molded pulp prod- 
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Tablu {9.-— Tissue paper produciion by end uie: 19S8 to 196S 

la miUioDt of poundi 



taduu 1958 1939 1960 196t 1962 1963 1961 196S 

Wrapping tUaue 95 98 97 91 99 101 118 119 

Waxiog f issue itock 185 215 208 210 194 186 163 171 

TwUliDg tiMu« nock 14 20 18 19 22 21 19 23 

Fruit and vegetable wraps; pattern tissue stock 41 37 38 37 39 40 39 40 

Creped wadding 58 70 66 60 63 S8 62 62 

Other* including salcsbook tissue. . . . 47 52 53 52 54 66 61 60 



Total tissue paper.: 440 492 480 469 471 472 462 475 



, So«r««{ U.S. Df pijrtdnfnl of Commtrcf, Buft»u of the Crnwi. Putp, p*i>*t, *nd ho»tA. Current Indutirhi Reports, Mrtei M26A($9-iJ)— M26A 
(6^13). **»Woaioo, I>,C., 1960-1967, 



ticts are facing competition from plastic foams. 
Polystyrene foam meat trays, for example^ 
accounted for about 15 percent of all meat trays 
in 1966, and thie share is likely to increase. 
Polystyrene foam packing inserts and pads may 
also displace some molded puip products. Molded 
pulp meat tray sales are also threatened by clear, 
rigid plastic meat containers. These competitive 
thrusts, however, should be limited by the low 
cos^^ of molded pulp and its excellent protective 
and absorbency characteristics. At the same time, 
while losing some markets to plastics, molded 
pulp products are gaming ground in certain types 
of industrial packaging, such as in packing sensi- 
tive electronic parts. All together, growth of this 
material should continue at a modest rate — 2.2 
percent annually. Production will grow from 481 
million pounds in 1966 to 600 million pounds in 
1976. 

Specialty Paper^^Summary Outlook 

As a group, the specialty papers will maintain 
a modest 10-year growth rate of 2.6 percent. 
Coated converting paper hIU be ihe leader with a 
growth rate of 4.5 percent. Only one material — 
tissue paper — will hiiVe a declining growth 
rate (Table 20 and Figure 7). 

GLASS 

Along with wood and textiles, glass is one of 
the oldest container materials, tracing its history 
to the <^arly civilizations. Class makes a strong 
container with high gloss and transparency* It 
is chemically inert and ah absolute Barrier against 
all external influences except temperature and 
light. Foodstuffs which come in contact with glass 
do not take on an offtaste, w^hich has made glass 



Table 20. — Production of specialty packaging papers by 
type: 1966 and 1976 



MUlionf olpoundf Ttn-yttt 

SpfCltUy pip^c-^type ^ rMcof 

Actual— Foreciit'- «hADf« 
1966 1976 (fitxctni) 



Coated convf rting paper (one 



Bide).,... 


732 


1.140 


4. 5 


Uncoated converting paper 










1,066 


1.430 


3.0 




472 


400 


—1.6 




481 


600 


2.2 




2» 751 


3,570 


2.6 



Soujrc«: MMiwe«t ReMnrcli laitttutt. 

a favorite in food packaging. Class containers 
can be made cheaply with automatic bottle 
making equipment which became available in the 
early part of this century. 

Shipments of glass containers have been growing 
steadily in the period of this forecast^ from 20.2 
billion units in 1958 to 29.4 billion units in 1966. 
The basic trends in glass container usage indicate 
growth in coming years will continue along tradi* 
tional lines in spite of competition from plastics 
and metals — with one major exception* Shipments 
of glass containers for beverages will more than 
double in the 1966 to 1976 periotl as nonreturnable 
glass containers come to replace the returnable 
bottle in soft drinks and beer. The radical change 
in this one container application prompts us to 
devote a separate section to beverage containers 
which wilt be presented under this heading but is 
also important for understanding trends in metal 
container usage. 
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Of the 29.4 billion units mod in 1966 foo<l prod- 
ucts accounted for I0»8 billion units^ beverages for 
12.0 billion^ druga and cosmetics for 5.B billion dnd 
industrial and liouscliold cliemicah for 0.8 billion. 
Of these, 2.7 billion units were returnable beer, 
soft drinks and milk containers. Each of the re« 
turnable containers will make abottt 19 trips to the 
market on the average during its useful life of 
sHghily over one year. In total, glass containers 
made 71.8 billion trips to the market place in 1966. 
Of this total 26.7 billion trips were made by non- 
returnable containers and 45.1 billion trips were 
made by returnable containers* Thus if it were 
not for the returnable container, glass container 
requirements would have been 71.8 billion units in 
1966. This illustrates the tremendous service per- 
formed by returnable bottles in keeping glass out 
of waste, despite their small share of total new 
units (under 10 percent). It also shows the huge 
potential market which glass makers see when they 
contemplate replacing returnable bottles with 
throw-away types. 

GJass containers can be classified broadly into 
two groups — narrow neck and wide mouth. 
Boltks and jugs are defined by the first term; 
jars, and tumblers by the .'^econd. On a unit basis, 
narrow neck containers are by far the more impor- 
tant. 

Technological Trends 

Glass is both fragile and a relatively heavy ma< 
teriaL The breakable nature of glass is one of its 
severest limitations, for this requires that bottles 
be processed more slowly on filling lines than 
metal, requires more care and cushioning in ship- 
ment, and, iji the case of returnable containers, has 
an effect on the life of the container. Weight of the 
glass package is a dement because shipping costs 
tend to be ).igh and tend to offset the material cost 
advantage which glass enjoys over materials with 
comparable performance characteristics. 

In view of these facts, glass technology has been 
directed toward the creation of stronger and lighter 
containers. During the past 20 years, glass makers 
have slowly but certainly advanced toward 
the ideal container (from the packaging point of 
view) — the unbreakable and feather-light bottle. 
Bottle weight has declined by a third during the 
past two decades, and new glass coatings have 
made bottles more durable. 



Weight of the container and its strength are, of 
course, related. More than 90 percent oi the 
strength of glass is in the surface layer; conse* 
queutly, reduction in breakage can be accom* 
plished in one of two ways^by increasing the 
thickness of the container (which accounts for 10 
percent of a bottlers strength) or by increasing the 
strength of the surface and its resistance to 
scratching and impacts. The present thrust of 
glass industry research is in the latter direction, 
because improvement of the surface strength can 
mean reduction of bottle thickness — wliich in turn 
means a lighter container that can be shipped at 
lower cost. 

New Wfiys to crystallize and arrange molecules 
on the surface layer and new surface treatments 
(e.g., witli metallic oxide while the container is 
hot, polyethylene after it has cooled) are presently 
helping to make bottles stronger and lighter. 
Unit weight of glass cc^ntainers is expected to 
decline,* as a consequence (Figure 8); handling 
speeds arc expected to increase; and the thickness 
of materials used to cushion glass containers^ 
for example, protective separating materials such 
as corrugated sheets, should decline. 

Rapid technological change is also taking place 
in glass decoration, an important area for making 
glass a more attractive and competitive material 
in an innovation .hungry market environment. 
Direct decoration is becoming more widespread 
in this technique, enamel is fused onto the glass 
surface directly. New organic coatings liave been 
developed which fuse at low temf *?ratures; they 
are expected to have a wide impact, particularly 
on nonreturnable beverage containers, making it 
possible to differentiate such bottles more ade- 
quately* A relatively new process also permits 
glass coloring in small batches. 

Another area of development is in closures. 
In a market that rewards convenience features, 
glass container manufacturers have met the 
challenge of pop*top beverage can closures by 
developing new closures of t heir own . Consequently, 
easy -open features are now l>eing introduced in 



♦Average she of all gla.w containcra and complexity 
of «!iapc contribute sSgnificantly to average weight per 
unit* Technological advances, therefore, guarantee con^. 
linued average-weight decline only if there h no Bignifi* 
cant change in the *izc mix and configurations now in 
common use. 
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glass Lollies. Tliese usually lake tlie form of 
twist-off or lifl^off caps. Aside from convenience 
in use (tlioy do not require any utensils for opening 
the bottle), lliese closures also seal more effec- 
tively* It is expected that twist-oft caps and lift-off 
caps will he introduced universally on beverage 
containers, cvenlually s|>olling the demise of ihe 
traditional metal crown. 

Competitive Trends 

Glass fares serious competition from metals and 
plastics in all of iis traditional markets. Melala 
will l>c particularly strong contenders for l>everage 
markets; and while they will not grow as rapidly 
as glass, they will limit the potential growth of 
glass bottles. 

In competing with glass, plastics are favored by 
two factors. Firstt while glass prices have been 



inching upward in recent years, plastic container 
prices liave been moving toward a more competi- 
tive price position with glass. Prices for poly- 
ethylene bottles in the 8- to 16-ounce size range 
are approaching comparable glass prices (Table 
21) making plastics competitive for toiletries 
and cosmetics. Second, glass is not a desirable 
container material in the homemaker's view for 
products used in the bathroom or laundry. She is 
incHne<l to select liousehold cliemicals and toilet* 
ries packaged in plastics because plastic con- 
tainers do not break. The appearance of clear 
polyvinyl chloride (PVC), and its approval for 
food packaging, will result in strong plastics 
competition for food containers that are presently 
of glass. In this area, however^ glass enjoys* an 
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TABtR 21.— 7y/ilc«/ 1967 prices of gtms and pfastlc bottles 
for toiletries and coimeties * 

Vtict per 

CapAcity And (yp« of bottif 1,000 uniU 



t-Ouitcc Boslou^roiinil • $ t3. 54 $5L 17 

8-Ouhce Uoj^lon-roiirul St. 67 S6. 87 

• 16.0iincc Boston -round 78. 89 79. 96 



* SmaU'Ordfr pric«i; Urge orJrri »tt di»count«d up to 30 pcrc«ht> 
t Iligii deitiity potyttKylfiip. ^ 

• A common boule il>lc wi;li rounded •houlder «rr«i »ftd narrow netk. 

Souttti MpJtrn Packaging, 40(11): 177-180, U\r l^t 

■'Image" advant.'igo: the hoinemaker views glags 
aa a natural container for food products. 

Glass and paper competition for liquids 
packaging h almost over. Wax* and now plastic* 
coaled paper cartons have assumed dominance of 
the milk packaging market. Glass containers still 
make over five billion trips per year to homes 
carrying milk, but the outlook for glass in milk 
packaging is dim. Paper* and now plastic bottles* 
will continue to nibble away at the remaining 
glass markets in milk in continuation of an 
histortic trend (Table 22), 

While its competition with paper milk con- 
tainers has been one-sided, glass has scored 
well in its battle with metals, capturing the baby 
food market, powdered coffee, spice jars, and a 
variety of new instant food packaging applica- 
tions which have been or could have been held 
by steel. 

Outlook for Nonbevcragc Glass Containers 
Food 

On the basis of the foregoing, we anticipate an 
increase ol glass container shipments for foods 
from 10.8 billion units in 1966 to 12,7 billion 
units in 1976. This growth rate of 1.7 percent per 

Table 22.— 



Type of Contamer 



I'aperboattl, . 
Glass (fillinga) 
Vh^*ic 



Total 



• Not av«ilal«!e. 

Source: rapcrhoard I'arknfiing, 52 .8): 69. Augiin 1967, I'.S. Dfra'lmfnl 
of Commerci', Hureau of ihc Ccn«u». Cloftutti for cuntiineri. Current 



year compares with a rale of 2.6 percent in the 
period 1958 to 1966. The decline in the growth 
rate is projected because we expect plastics to 
make a strong showing in such applications as 
the packaging of vegetable oiK vinegar, salad 
dressings, ketchup, juices, syrups, pickles, and 
peanut butter. All told, plastics should capture a 
market of at least 1.5 billion units from glass in 
these applications. 
Druga and Cosmetics 

In 1966, 5.8 billion glass containers w^ere 
shipped for drug and cosmetics packaging. Strong 
competition from plastics will result in completely 
eliminating the growth in this application area. 
By 1976, about the same number of containers 
(5.8 billion) will be shipped for packaging drugs 
and cosmetics as in 1966, 

Chemicals 

The decline in glass container consumption in 
industrial and household chemicals is already a 
well established trend. Between 1958 and 1966* 
glass lost 800 million units to other materials. Wc 
do not expect a turn*around in this area and esti* 
mate that by 1976, 400 million units will be pro- 
duced and shipped for chemicals packaging, down 
from 800 million containers in 1966, 

Historical data and projections arc shown by 
end-use groupings (Tables 23 and 24). The tables 
also show glass container shipments for beverages, 
which are discussed in the next section. Figures 9 
and 10 present these data graphically. 

Outlook for Glass Beverage Containers 

The most significant activity in glass containers 
must be sought in the area of beverage bottles 
where nonreturnable containers are gaining popu- 
larity rapidly at the expense of returnable bottles. 
By 1976, nonreturnable containers ^viH have 



Inriuilfial Hfporlu Senra M 3Urcri9-n) -M 1 tH(66~l 3) . Wa»Mngton, 
!>.('., 1960-1967. W.S I )rparlni<'nl of (lomrnrrce, E^ireau of ihe Onaui. 
I'JaatIc Bolilen. Current tnriustriat Rrp<*tt9, Sfrira M30K(6S-13J — 
M30K(66-13). Waihingion, 1>,C„ 1966-1967. 



Milk container consumption and milk glais container fillings: 1958 to 1966 
[n inUUoni of unili antl &ltinga 



1958 19S9 I960 1961 1962 1963 1961 1965 1966 



It, 150 15,032 lS.36i 16, 1S8 18,270 !8,2li 18,615 20,232 21,002 
10.017 9,550 8,971 7,835 5,812 6,206 6,038 5,926 5,382 
0 0 0 0 0 {«') {") 45 74 



24,167 24,582 21,335 23,993 24,112 21,420 24,653 26,203 26,458 
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TaiiLb 24.'-'Di$trihution c/ gfdis contains shipments by end use: 19SS to 1976 

Percent of toul uiUu 



End uft6 1958 I9S9 1960 1961 1962 1965 1961 1965 1966 1970 1973 1916 



FoodtoUt* .42.9 41.5 41.3 40.5 40.6 39.7 39.5 39.1 36.7 32.9 30.7 27.9 



Beverage^ total 25.0 26.3 27.7 30,3 32.5 35.1 36. 6 37.7 40.9 48.8 53.3 58.6 



Wbe 3.2 3.3 3.3 3.1 2.9 3.0 2.9 2.8 2.6 7,8 7.3 6.1 

Liquor 6.7 6.9 6.4 6.4 6.2 6.2 6)1 6.0 6.0 

Be«r,totftl 8»0 8.6 10.6 13.4 15.2 16.7 18.0 18.5 19.1 19.3 19.7 19,8 



Beer, telurttable........ ... 1.9 2.0 1.9 1.6 1.4 1.5 1.6 1.8 2.0 1.5 1.2 LO 

Beer, nooreturttable 6.1 6.6 8.7 11.8 13.8 15.2 16.4 16,7 17.1 17.8 18.5 18.8 



Soft dcinV, total 7.1 7.5 7.4 7.4 8.2 9,2 9.6 10.4 13.2 21.7 26.3 32.1 



Soft dm.k, rclurnablc . 6.1 6.5 6.3 5.7 6.3 7.0 7.2 6.8 6.5 4.6 3,5 2.6 

Soft drink, nonrclurnable.... 1.0 1.0 1.1 1.7 1,9 2.2 2.4 3.6 6.7 17.1 22.8 29.5 



Drug and co«metic, total.. 23.9 23,3 22.5 21.8 21.4 20.2 19.9 19.7 19.6 16.5 14.7 12.6 



Medicinal and health 14.8 14.3 13.5 13.2 13.1 12.2 12.0 12.0 11.7 10.2 9.2 8.0 

Toiletry and cosmetic 9.1 9,0 9.0 8.6 8.3 8.0 7.9 7.7 7.9 6.3 5.5 4.6 



Chemical, household and iaduatrial. . . 8.2 8.9 8.5 7.4 5.5 5,0 4.0 3.5 2.8 1,8 1.3 0.9 



* lnctude« dairy producti. 

Source; Vj$, Department ct Commerce, Bureau of the Cen«uf. "G!«»j 
Conttineri." Currtnt InJuHritU Rtpcrls, SerieiM$2G. 19Sd to 1966. U.S. 

virtually replaced the deposit type bottle; and 
since eacVi returnable bottle makes about 19 
round trips before it is retired, each returnable 
bottle eliminated means the production of 19 
nonrcturnable containers, either glass or metal. 

Three factors are bringing about the switch to 
nottr€tt!rnable containers: (1) the consumer's pref- 
erence for a container which need not be rc:turned 
to the retail establishment; (2) the retailer^s dis- 
luclination to handle returnable bottles; and (3) 
the packaging mciterial manufacturer's desire to 
exploit the potential of the beverage container 
maiket to the fullest. 

The first two of these factors are the result of 
a deoire for convenience which is diilicult to 
quantify; the third factor can be measured more 
readily. In 1966, beer and soft drinks accounted 
for 65. billion fillings. However, in the same year, 
only about 26 billion beer and soft drink con- 
tainers (glass and metal combined) were manu- 
factured (see Table 25, p. 41). On the average, 
in other words, every container was filled twice. 
From the manufacturer's point of view, conse* 
quently, a potential market for 35 billion con- 



Goveromeot iVintinf Officei Wt»h{n<toa. Fore^fti hy W^wttt Re«««rcb, 
[niUlule. Ttble 23. 

tainers existed in 1966^ which could have been 
achieved if no-return containers had been used 
exclusively. This is readily apparent to both metal 
and glass manufacturers . Glass makers, however, 
have more at stake: their markets are being 
eroded by plastics in foods, drugs, toiletries, rnd 
in chemicals. For glass, the nonreturnable beverage 
bottle is a last major growth frontier. 

Competition for the beverage packaging mar* 
kets is extremely keen. All major materials — 
steel, aluminum, and glas8---have distinct ad- 
vantages and are comparable in final cost. Final 
cost, in this instance, would include all expendi- 
tures such as those for materials, forming, filling, 
packing, and shipment. Disposal costs, of course^ 
are not included. 

MetalSf generally, are favored by convenience 
features: they are easy to open with pop -top 
closures; they are less bulky in storage; they are 
convenient to handle; their contents chill rapidly; 
and they lend themselves to flashy decoration. 
Cans are more expensive than bottles on a unit 
basis. However, they can be filled more rapidly 
and they enjoy an advantage in shipment be- 
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cause of lower weight. For instance, a "thin*tin** 
can weiglid about oncTiftli Ha much as a compara- 
ble nonreturhable bottle. 

Deveiopmcntd in gtas^ tcclinotogy arc now re* 
moving certain disadvantages of glass U\ tlie&e 
ntarkeU. Twist-off and lift«off closures have been 
introduced. Lighter weight bottles are becoming 
available, aiding in the reduction of glass shipping 
codts. Stronger glass containers promise higher 
rdling rates. Decoration technology in glass is 
improving, pointing to more attractive bottles* 
Tlie greatest advantage of glass, however, is 
that in the consumer's view it is the traditional 
container for beverages. 

Distinct differences between l>ccr and soft 
drink packaging markets exist. IVonreturnable 
containers J)ave been established in beer packag- 
ing for some time, while they are a relative new- 
comer in soft drinks as theso shipment figures, 
given in billions of units, indicate: 













1966 


period 










NonrclurnaWc beer coniainera , . . 


. 9,6 


18.0 


88 


Noareturnabte soft drink con* 










,6 


7.6 


1,163 



During the same period of time, returnable con- 
tainer sliipinents have increased mucJj more 
modestly, and the absohite quantities (in billions 
of units) are much lower: 









Incrrate 






1966 


in period 








(ptrctnt) 




. 0.4 


0.6 


50 




1.2 


1.9 


58 



It is well to remember, iiowcvcr, looking at 
returnable bottle figures, that each container 
represents about 19 trips to the market. Con- 
sequently, although low in overall mamber of 
units, returnable bottles represent many more 
fillings than nonrcturnable containers. 

\\[ returnable beverage containers arc glass. 
In the nonrcturnable category, metal dominates. 
In 1966, of a total of 25.6 billion nonrcturnable 
containers used for Ixjcr and soft drink packaging, 
18.6 billion units, or 72 percent were cans, 



Table 2$.^ Deer and toft drink container production by 
type of container and use: 1966^ and 1976 



In innHon« of unUi 






'X'ypt of container 


19$S 




1976 


Nonreturnabto conUiner^: 
llotUest 

Be€f 


192 

1,239 


1,980 
5,031 


13, 500 

8,600 




1,431 


7, Oil 


22, 100 


Cans: 

Soh drink. 

Beer 


109 
a, 337 


5,612 
12,947 


17, 000 
19,000 




8, 7 16 


18,SS9 


36,000 


NonreturnaLlc total . 


10, 177 


25, S70 


58, 100 


Kcturnabtc containers: 

Soft drink . 

Beer 


1,240 
388 


1»922 
577 


1,200 
460 


Returoabte total. . 


1, 628 


2,499 


1,660 


Total containers . 


11,805 


28.069 


59,760 


Total filUnga 


52, 921 


65,213 


79, 500 


Hallo, containers to fillings. . . 


1:4.48 


1 : 2. 32 


i:i,33 



Source: Table 25. 



Looking toward 1976, we forecast tbc following 
changes in the beverage container market on 
the basis of our analysis of technological changes 
and consnmption pallcrns: 
— iVonretnrnable container production will 
increase from 25,6 billion units to 58.1 
billion units, an increase of 127 percent in 
the period or an annual growth rale of 6.5 
percent. 

— Metal cans will still represent 72 percent 
of all nonrcturnable beverage packaging in 
1976, or 36 billion units. Glass will maintain 
Its 1966 share of this market throughout 
the period, growing to 22«1 billion units in 
1976. lJut since glass starts from a lower 
cjuanlity base than mclal cans, the growth 
rate of nondeposit glass bottles will be 
more vigorous (12.2 percent anmially) than 
that enjoyed by metals (6.8 percent annu- 
ally). Strong growth in glass is attributed, 
in this forecast, to recent technological 
improvements in the throw -away container 
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Figure 12»— Soft drink containers by type: 1957-1976 (market share in percent)' 



and the fact that glass enjoya an "image" 

advantage over metal in beverage packaging. 

Also, proprietary shapes (e»g.t "Coke") in 

no returns are expected to make their 

appearance very soon* 
— Nonreturnal^l*^ metal beer ami soft (irink 

containers, as 'aIU be shov^n in the next. 

section, is one of the major growth oppor* 

tunitica for ainiiiinum in com|>ctition Kith 

steel containers. 
— Heturnable container consumption will 

decline, from 2,5 billion units in 1966 to 

1.7 bilhon units 10 years later. 
Tlicse data have be*n summarized for the 
years 1958, 1966, and 1976 (Table 25) and are 
presented in greater detail in Table 26. The 
source data arc shown in graphic form (Figures 
11 to M). 



Glass: Siiiiiniary Outlook 

On a unit basis, glass container shipments will 
grow at a rate of 4.5 percent annually in the 1966 
to 1976 period, resulting in consumption of 45.7 
billion containers in 1976, up from 29,4 billion 
units in 1966. 

l>uring this period, the average unit weight of 
glass containers will be declining. Consequently* 
calculated on a weight basis, the growth in glass 
will not be as great as unit increases. In 1966, the 
29,4 billion glass containers weighed 16.5 billion 
pounds; by weight glass consumption will increase 
at a rate of 3.7 |)ercenl annually, resuhing in 23.8 
billion pounds of containers in 1976. 

METALS 

in 1966, 14.3 billion pounds of metals were 
converted into packages, making metals ono of 
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Figure 13.— Beer containers Ly type: 1957--1976 (market share in percent) 



the major paekaging iDatcrials, The overwhehning 
bulk of mctaJrf (nearly 75 (jerccnt) were converted 
into metal cans, Thoi^c cam*, made mostly of tin- 
coated steel stock and a small amount of afnmi* 
num» provided 5V.4 billion packaging units. 

The remaining tonnage was distributed among 
six other configuration calcgoricar (1) aluminum 
foil and semi-rigid containers; (2) collapsible 
metal lubes; (3) steel drums and pails; (4) metal 
strapping; (5) gas cylitiders; and (6) metal caps 
and crow ns, 

A summary of quantities of metals that were 
used in each of these applications in 1966 and are 
exfKcted to Ijc used in 1976 is presented in Table 
27 and Figures 15 and 16. Overall, we foresee 
grow th in thi^ area to be taking place at a modest 
rate of 1.6 i)ercent annually in the 1966 to 1976 
()eriod. ♦ 



Table 27. — Consumption oj metal packaging materials by 
type: 1966 and 1976 



Quanliiy Tcn->'ear 

(iniliioni of pound*) r>ite of 

— . change 

Actual— l^cc«c«»t— (s>«rctint) 
1966 1976 



Steel cans 10, 3 W 11,420 1.0 

Aluminum tana and ends 329 

Collapsible metal tubes 32 

Rigid aluminum /oil contain* 

ere _ SB 

Aluminum foil converted 266 

Steel drums and pails 1, 616 

Metal strapping 800 

Gas cylinders J20 

Metal caps 263 

Metal crowns 412 

Total.,. 14,304 16,830 1,6 

Source: Nft<!^«»t Ret^arth Institute. 
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Each of the configurations mentioned above U 
found predommantty in eilher consumer or 
industrial markets! 



Type 

Steel and atucninum cant , . . . . 
Aluminum (oil and aemi^rigUl 

containers 

Collapsible metat tube«. . . . . 

Sieel tliums and paUa. . * , 

MeCfll scrapping 

Gaa cylindera. , 

Metal caps and crowns 



X 

X 
X 



X 
X 
X 



X 



* About 90 percent of all metal packaging 
material, on a >veiglit basis* is steel. Aluminum 
accounts for most of the rest* along with small 
amounts of lead, zinc, and tin« Aluminum plays a 
relatively minor role in packaging at present; this 
material, liowcvor, has been growing rapidly and 
can be expected to become significantly more 
important as a packaging material in the future* 
All nictais have one overriding advantage over 
any other kind of packaging material— their 
strengtiL Metal containers also protect ?Heir con- 
tents from the effects of heal, cold, moisture, 
rough handling, and light and lend tJjcmselves 
to attractive decoration. 

Metal Cans 

Metal cans arc by far the most common type 
of metal package. In 1966, cans accounted for 75 
percent of all metal packages by weight. They 
are used for more than 2,500 products by 135 
industries. However, food and beverages are the 
products most often packaged in metal cans. 
These two outlets account for 81 percent of all 
cans proiluced. A summary of luetal can produc* 
lion is provided in Tabic 28. Tables 29 and 30 
show the same data in greater detail; Figures 17, 
18, and 19 present the information graphically. 

The doininsmce of cans for consianer packaging 
of food items luay be illustrated by the following 
statistics: 

— Americans purchase and consume the con- 
tents of more than 131 million cans in an 
average day; 

— The average American family uses about 850 
metal cans in a y viir; and 

—The average American empties about 252 
cans in a year, or almost five [ycr week. 



The most common and familiar metal can is 
the cylindrical, three-piece (wall and twoends)^ 
sanitary food can. However, tliere are other 
shapes— oval, oblong, and square* The cylin- 
drical food container usually has both ends 
sealed, although many different kinds of clo- 
sures—basically friction fit, key opening, and 
hinged ltd— may be used on metal cans. Cans 
range in capacity from a few ounces to more 
than a gallon* 

Most cans are made from sleeh Available 
statistics on can production do not differentiate 
between steel and aUmiinum cans; consc<piently, 
aluminum cans ivill be discussed in this section. 



Table 28. — Consumption of m<:ioi cons by enci use: 
1958, 1966, and 1976 

In biiiian unit* 

Kile of Kat€of 
Ctn tnA Mtt 19S8 1966 cViange 1976 chAnge 

1966 1%) 1976 (%) 

Foods* 25.6 26,2 0,3 29.0 I.O 

Beverages 9.7 19.5 9.1 36.9 6.6 

Nonfood 8,0 8.7 LI 12.4 3,6 

Total 43.3 51.4 2.9 78.3 3.7 

»Tbe food e«anins rate varir* wiih UuW AtiJ vegetable crop yicUa, 

Source: Can M«nuf»clure/i loalitutr. Annual Heport-^Stnai Can Ship* 
m€ntS"l966, Waahinglon. [).C., 1967. lorecaita hy Mldneat Hea««rcb 
tnatitute. 

Aluminum 

Ahimuiuni cans are relative new comers to the 
market. In 1966 aluminum accounted for only 4.6 
percent of total base boxes* of can metal shipped. 
Aluminum containers arc u^ed primarily for beer, 
but some are used for soft drinks, frozen foods^ 
canned meats, hsb, pel foods, and aerosols. They 
are light weight —bet ween 39 and 45 pounds per 
base box compared wiih 55 pouuils per base box 
for the lightest steel cans. Aluminum cans cost 
more than steel cans, but the Kcight dirfcrcntial 
and subse<picnt shipping savings offset (heir 
htglier price. 

Ahniiimnn lias many attraclivc features in this 
application. It is corrosion resistant and highly 



*A base box is the unit of measure used in can sheet 
stock. It i« an area of 31,360 B<jtiatc inches, equivalent to 
112 sheets Hx 20 inches in size» About 500 l2-oijncc cans 
can be made from 1 base box. 
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workable*, lUc exterior o( aUaulnum cans can he 
aUracttVii) ilecorated, ami niamiractiiring (cch« 
itiqdcd for ahimintitii containers allow voraatilily 
in sizei shape, and wall lliickncdd. There arc four 
basic ahtminuni can type^t difTercjitiated hy the 
production method used to fabricate them: 

(1) Impact extruded cans are produced by 
striking a stug of ahiminum with a metal punch. 
The metal flow* around the puncl\ to form a cup, 
which i^ then ironed by draw dies to create the 
sidcwall. 

(2) Thrcc*pivci* cans arc produced on stamlard 
can manufacturing machinery* The side seam ia 
bonded with an adhesive rather than sohlcred. 

(3) /JraK anr/iVortcf/cfms arc created by drawing 
an ahiminum alicet into a cup» then deepening or 
lengthening the side by ironing* 

H) Dratv canSf usually twice as wide as iliey 
arc high, are made by drawing sheet aluminum 
into a shallow* cup. Snack and cheese dip containers 
are examples of sxieii containers^ 

For Bomc applications aluminum cans have 
gained an advantage over steel cans^ and the 
former are likely to increase ttieir share of the 
can market at a fairly rapid pace. 

Trends in SUe( 

Until , recently, all steel cans (usually called 
^*tin cans**) were made from standard tin -plate 
steel* (The tin is necessary to form a solder bonil; 
it serves no other purpose* The interior protection 
is provided by special resin coatings.) Hccently 
*Uhin-tin,^' a lighter gauge of tin plate, has been 
developed, wbicli yields more cans per unit of 
metal than stamlard tin*plate steels. Given its 
present strength and slructtiral rigidity, thin-tin 
is somewhat limited, however. It cannot be used 
for pro(hicts that arc packaged under liigli vacuimi 
because the containers tend to collapse; its major 
use is primarily in beer and carbonated beverage 
packaging* 

Thin 'tin, liowever, is not the most ideal material 
for metal cans because of its tin content* Tho can 
manufacturing industry has long been vexed by 
sudden variations in tlie price and supply of tin 
as a result of pohticat instabilities in Hob via and 
Malaysia— the major source locations of tin. To 
avoid these fluctuations, can manufacturers have 
sought for and discovered a way to make |in«free 
steel (TPS) cans. *rhc material has been developed, 
and two of the most important technological 



pvobkm^ o( tin-frco steel-- eido seaming and 
coating— have been solved. 

One side seaming method uses a thcrmo-plastio 
cement; another employs a special heat induction 
welding process that produces a barely noticeable 
seam* Thia last method enables full, wrap-around* 
direct lithographic decoration of the can, Tho 
wrap-around decoration produced a more attrac* 
tivc container which Is CBpecially desirable in 
packaging consumer products* Special resin and 
enamel coatings^ have been developed for tin«freo 
etcel can& to i^erform the protective and decorative 
functions* 

Today, tin-free steels account for less than 10 
percent of all steel cans. Eventually, however^ 
such cans could displace tin-plato cans; by 1976f 
jpcrhaps 50 percent of all steel cans will be made 
from tin-free sleejs. Tin-free steels are less expen* 
give than tin plate. For example, in 1965 the price 
of tin-plate was $8*55 per base box versus tin-free 
steel at $1*20. The primary deterrents to th^ more 
widespread acceptance of tin -free steel at this time 
arc tho relatively high capital investment required 
to cliangc over from tin-plate to TPS, and refine* 
ment of the production technology, Also, food 
packagers must test these new tmits extensively to 
be assured that performance of the new* TFScans 
will equal that of tin«plate steel* 

Another significant current development both 
in aluminum and steel cans has been the intvo- 
diiction of ea»y-o{)cn devices for beverage con- 
tainers. Many beverage cans now have this 
easy -open device; and this feature ir^ beginning to 
appear on cans for sardinest sausages^ and other 
specialty' foods, How far these devices will spread 
throughout the can market is not clear — con- 
sumers want convenient packages, but many still 
use can openers on cans with easy-open devices, 
either I'rom habit or from dissatisfaction with the 
devices. 

Aerosol Containers 

Aerosols arc convenient but expensive packages* 
The price of any product in an aerosol container 
is considerably higher than that of the same 
product in any other conlainer. About 95 percent 
of all aerosols arc cylindrical tin-plate containers. 
The remainder is made of glass and plastic 
(Table 31)* 

Household products (air fresheners, window 
sprays, waxes, paints, etc.) and personal care 
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producU (hair sprayst personal deodorants, Bliav- 
iiig lathcri etc.) accounted for 78 i)erccnt of tlic 
totat units Pilled in 1966 (Tabic 32). A few food 
products, for example, cheese enack foods and 
whipped cream, arc packaged in aerosols, but it is 
unlikely that pressure packaged foods will get 
into high volume production in the near future, 
primarily because technological problems in valve 
design and dispensing must still be solved. 
Improvements mast bo made to prevent clogging 
of valves and excessive waste of the product 
before aerosol foo<l containers are accepted by 
the consumer. 

The typical aerosol container consists of a 
pressurized container with the product and pro- 
peltant mixed inside. The proiluct is dispensed 
througli a valve and dispenser si)out that includes 
an actuator device. Several new kinds of aerosols 
are now under development* Theee will eliminate 
the physical mixing of propellant and product and 
open new* markets for products that are incompati* 
ble with present proi)ellants. Some of the major 
types are: (1) bag-in*can— the product is inside a 
bag, and the propellant between the w^all of the 
container and the bag; (2) free piston can — the 
propellant is contained within a piston at the 
bottom of the aerosol; (3) cartridge assembly 
unit — the unit fits inside or outside the container 
and applies pressure directly to the valve, in 
which the product and propellant travel separate 



passageways and are mixed only in the vapor 
phase as they leave llio dispenser; and (4) spring 
action— works by pressure imbalance provided 
by a metal spring fitted under a plastic piston that 
acts as the dispensing mechanism. 

Moat of tliese new aerosols represent an 
improvement over the traditional type, but they 
are more expensive; for this reason, they have 
not been accepted for high unit volume products* 

Anotlier development in aerosols is the^^otal 
service** unit. Such a unit has an attachment near 
tiie dispenser that adds convenience in using the 
product as it is dispensed* Kxamples of total 
service units are upholstery cleaners with an 
attached brush and windshield de-icers with an 
attached scraper. 

Manufacturers are also developing new pro* 
pellants that are either less expensive or com* 
patible with products that were incompatible with 
the old propellants. 

In the last eight years aerosols have grown at 
the rate of 20 percent a year, Aerosol manufac* 
turers are optimistic about the future of this 
container configuration; many sources in the 
industry predict a volume of more than 4 billion 
units in 1976, a prediction which wo consider to 
be too high under prevailing market conditions. 

In the future, glass^ composite cans* and plastic 
bottles will probably account for a larger share of 
aerosol containers, although most such containers 



TABtK 31.' — Nonfood aerosol containers consumed by sixe: J 955 to 1966 

In thouiaadl of unh« 



GIam aod 

plaitio 
conuln^a 



Metal contilncra 



Ortt 6 ot 



6 ot and \tM 



Rrportea total 



Complete 
total • 



19S5 10,412 119,720 101,985 235» 117 240,000 

J956.......... 15,093 151,035 127,062 293,190 320,000 

1957....... 21,279 167,871 150,341 339,491 390,000 

1958 11,262 171,121 159,001 341,384 470,000 

1959,. 25,260 286,098 186,930 498,288 575,000 

1960 42,902 361,810 199,280 606,992 670,000 

1961 34,942 415,238 196,082 676,262 796,000 

1962 44,237 541,917 196,042 782,196 1,019,000 

1963 37, 658 702, 644 175, 684 915, 986 1, 135, 000 

1964 57,373 789,512 206,681 1,053,566 1,293,000 

1965 77,762 977,611 304,743 1,360,116 1,711,200 

1966 * 73,015 1,083.310 287,578 1,443,903 1,800,000 



* Atfju It rd 10 include 4PiUmat«d nonrrporl«d total. Source: Chemical Specialiiei Manufaclurrri Auocialion, Inc. Aero$ol 

V . 1-u I # . I J . J . L .L . J PrMutiitd VroducU Surtty. Annual rrporli for |05fl^^. New York. 

iSote: The unil total for metal doea not correipond with ihat undrr *^ 
metal cana becauae the reporting and data gathering approaches differ 
•omeivhat lietween th« Can Manufacturers (niiitute and C5.UA. 
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will continuo (o be motah linprovenicats in lech* 
nology will probably lead lo dispciiseri being u^ed 
more for food and drug produels* Tliero will be 
a greater votunie of aerosoU in 1976, altliougb it 
likely that tlicy will be in radieally dilTerent 
forms. 

Despite the inerease in volume, metal aerosols 
will atill aceoinu for only a Bmall percent of total 
packaging containers in 1976. We expect the unit 
output of metal aerosol containers to grow at tbe 
rate of 5.S percent a year, from 1.6 billion units 
in 1966 to 2.7 billion tnuts in 1976. 

Competing Matcrhts 

Metal cans arc in competition witli con^posile 
cans, glass, and plastic containers. Cans have 
been extremely successful in tlieic competition 
with glass bottles for the beverage container 
market; and this success is likely to continue. As 
shown in Table 28, beverage cans will have a 
growth rate more than six limes greater than food 
cans in the next 10 years/ Of course, steel and 
aluminum arc in conipctition with each other for 
the same can markets; and the different kinds of 
steel cans also compete with one another. 

Aluminum's share of the beer can market is 
likely to increase substantially in the near future 
as more major breweries switch to ahiininum 
cans; soft drink manufacturers may follow* suit. 
The only otlier area where aluminum is likely to 
enter the market in the next few years on a volume 
basis is seafood canning. 

The amount of metal used for cans might be 
further reduced by tlie use of clear plastic tops on 
cans. Such a top has been developed, and although 
there are still many problems, it may soon be tried 
on cans of sliced fruit. If the clear plastic top is 
adopted on a wide -scale basis, which we do not 
foresee, the amount of metal used in cans would 
be reduced. 

\\fetat Cansi Summary Outlook 

The use of lighter steels, more aluminum, and 
technological advances in l)oth steel and alumi- 
num cans will lead to a rate of growtli in the mun« 
ber of units consumed that is twice as high as the 
rate of growth of pounds of metal consumed in 
pro<lucing cans. 

We expect the mmiber of cans to grow at a rate 
of 3*7 percent a year, rcsnlllng in an increase from 
54.4 billion units in 1966 to 78.3 billion units in 



1976. The consumption of steel and aluminum in 
cans will grow at the rate of l.B percent per year, 
from 10.68 billion pounds in 1966 (10.35 billion 
steel aiul 0.33 billion aluminum) to 12.82 billion 
pomuls in 1976 (11.42 billion steel and 1.40 billion 
aluminum). 

AUituimitu Foil 

In addition to cans, aluminum foil is also used 
for 8emi*rigid containers and other foil forms such 
as in laminates. In fact, 8.1 percent of all alumi- 
num shipments in 1966, or 683 million poimds, 
went into packaging applications^ Although alu- 
minum has a relatively small share of the metal 
packaging market, this share will imdoubtedly 
increase because of the many advantages alumi* 
num has over other materials and because of ad- 
vancements in technology. Total aluminum con- 
sumption * in packaging (including aluminum 
cans) to 1976 is shown in Table 33. 

Aluminum is liighly competitive with other 
materials. The proi)erties of aluminum enable it 
to be tailored to meet the performance and appli- 
cation re(piirements of many products. Aluminum 
packaging materials provide excellent moisture, 
vapor, and gas barriers. In thicknesses above 
0,001 inch, ihe material is almost totally imper* 
meabte. Alumimun can be attractively decorated, 
it has good heat conductivity, and performs well 
in heating, freezing, and drying proces^St 

Aluminum metaUurgy has not completely 
matured and it is likely that significant new 
packaging applications will be developed in the 
future. 

Semi'RtgUi Aiumiuum Foil Containers 

The semi-rigid foil container is most frequently 
used for products in which the barrier properties 
and heat conductivity of aluminum combine to 
make a convenient consumer package. Semi«rigid 
containers have been particularly successful in pre- 
pared and pre-cooked foods such as bakery 
products (pics and cakes) and frozen meats. 
Semi-rigid aluminum trays and tubes arc also 
being used for refrigerated products, such as 
soft margarine, and for dry products, ^ucli as 
hermetically sealed dehydrated vegetables. More 
recently, semi-rigid aluminum containers have 
been used for institutional foods. Prepared foods 
are packaged in heat-aTul-serve* (Ji,sposnble, 
single-service containera. These containers reduce 
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Tablk 33.— /f/uw^num connumed in packaging 

1q milUocK of pouodi 



AlumiAura foil 

^ _ — Atumiaum 

T(«f S«mU NooHgid c«n» and Tottt 

rifid alumlQum Tolal «odi «luittlnum 
foU (bU loU 



cooutam 


1958. 


36 


157 


193 


« 


193 


19S9.,.., 


48 


185 


233 


i 


233 


I960.,... 


54 


174 


228 


50 


279 


1961.. ... 


57 


190 


247 


65 


312 


1962 


66 


202 


268 


76 


343 


1963,. 


72 


218 


290 


170 


460 


1964. 


80 


238 


318 


220 


538 


1965... 


85 


251 


336 


275 


611 


1966..- . 


88 


266 


354 


329 


683 


1970. 


. 110 


350 


460 


700 


1, 160 


1973...,. 


130 


400 


530 


1,000 


1,530 


1976,.,.. 


150 


465 


515 


1,400 


2,015 



• Not «viiUt>tf . 

Source} U.S. Des^»t^mni^ ot Ccmmtrct, huBintu tnd DrfcAi« S«rirk«* 
AdmlnUUitioo. Cetu«it»er$ and Pockaiini, SOU): 9, April Modern 
Pjackaging Ency^Uptdui, WaU*m C. Simmi,^. Vol. 40, No. IJA, New 
Vdclct McCuw.tlifl, loc., September 1967. t>. The Aluniflani Amo- 
dctloii. Afuminum StatUM fit^Uti^l966. New Yoric, July 1967. 
Focec«*U ^/ Mldweet Hetetrch lutllute. 



labor requirements, equipment neeJs, and eaoi* 
tation problems in hospitals, schools, and other 
institutions. 

Recent teehnological developments have been 
in the areas of alloys, new forming techniques, 
and combinations with plastics. New alloys 
that allow deeper drawing and more flexibility 
in configuration have been developed. Other 
alloys have produced lighter^ stronger containers. 
New package-forming processes include air 
forming or air blowing of the foil against a mold 
to form the package. The air blowing technique 
produces a smooth, attractive container that 
may be used for frozen meals. 

Aluminum packagers are effectively combining 
semi-rigid aluminum containers with plastics, 
either as coatings or transparent coverings that 
both protect the product and make it visible. 

Semi-rigid foil containers will grow substan* 
tially in volume in the next few years because of 
the increasing number of convenience food prod* 
acts that will use aluminum containers. Growth 
should take place at a rate of 5.5 percent a year, 
with consumption rising from 88 million pounds in 
1966 to 150 million pounds in 1976. 



Nonrigid Aluminum Foil 

Notirigldi flexible aluminum foils range in thick^ 
neas from 0.00025 to 0.00059 inch. These foUs are 
not setf*supporting and are usually combbed with 
otiier materials, such as paper or plastic. In 1966« 
266 million pounds of foil were used for packaging 
purposes. Of this total, 126 million pounds were 
household wrap and 140 million pounds were used 
in commercial packages. The latter flgure, meas* 
ured in square incliest amounted to about 4.1 
billion MSI (UOOO square inches). By comparison« 
7.7 billion MSI cellophane and 21.1 billion MSI 
polyethylene film were produced In the same yean 

Nonrigid aluminum foil is applied either on the 
outside of a package to enhance its appearance or 
on the inside to act as a barrier material. This 
material is almost always combined with paper or 
film so that it can be handled easily in converting 
and packaging operations. 

End uses of this material are shown in Table 34 
as quantities and in Table 35 as a percentage of 
shipmenta. 

New foils have been developed with more 
strength and ductility so that they can be formed 
in the new shapes without overstressing. F6il is 
also being combined with other materials to 
produce an aluminum foil laminate that will stand 
up on vertical form*fili*seal machinery and thus 
will be more adaptable to rapid handling in pouch 
form. 

The aluminum foil laminate may be particu* 
larly successful with convenience food products, 
"unit of use" packaging such as single portion 
catsup, multiple pouches, and snack food items. 
Laminated foil liners are now used extensively as 
the barrier material in boxes of sugar-coated 
breakfast cereals. 

As a laminate, aluminum foil has some competi- 
tion from plastic coatings and other materials. 
However, in containing liquids and foods, alumi* 
num foil laminates have many natural advantages 
not shared by the other materials, such as imper- 
meability and high strength, so the competition is 
not too great at this time. 

One product, steel foil, was designed specifically 
to compete with aluminum foil, but has not been 
successful. There has been considerable interest in 
the packaging industry in steel foil because of its 
many advantages — it has high tensUe and com* 
pression strength; it can be formed by bending, 
creasing, soldering, corrugating, laminating, and 
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other processca; it U pimclurc resistant; a:ul it is 
impervious to vapor and luoigturc. In spito of 
tliese nieriid, steel foil lias not been accepted 
because its advantages are outweighed by its 
dlftAdvantagc8---5l is difficult to cut and handle, 
there are no satisfactory adhcsives to use in lam* 
{nation; packages of ateel foil are difficult t^ open; 
and the price of steel foil is relatively high. 
Because of the many problems a steel foil« it is 



unlikely that it will have an impact on aluminum 
foil in the near future. 

With continuing advances in food technology* 
development of new foods, convenience packaging, 
and improYciucnts in foils, aluminum foil should 
be a rapidly growing packaging material. We 
forecast a growth rate of 5.7 percent a year and 
growth in foil use from 266 million pounds in 
1966 to 465 million pounds in 1976. This growth 



Tablr ti.'—Conutmpticn of aluminum foil by end use: 19S8 to 1965, in mUticns of pounds 



EDd-UM product iroup 1^58 I9S9 1^ \M 196a 1964 1965 
Semi'Hgid foil containers: 

Frozen, precooked foods, dairy producU, etc. ...... . 34. 3 45. 2 SI. 2 54. 9 64. 4 70. 1 76. 8 79. 7 

Other fooda..... . L6 2.7 2.4 2.2 2.1 2.0 2.9 5.2 



Total semirigid foil containerB..... 35.9 47.9 53.6 51 1 66.5 72.1 79.7 84.9 



Non rigid foU: 
Food: 





9.6 


9.9 


10.2 


9.3 


9.1 


9,8 


10. 


1 


10.8 




1.5 


2.0 


1.9 


2.5 


1.9 


16 


2. 


0 


2.7 


Cookiea, crackers, bakiDg productB, bread, 






















6.0 


7.3 


6.3 


6.9 


7.1 


8.5 


7. 


1 


8.3 




.6 


.8 


.6 


.7 


.7 


1. 1 


1. 


5 


1.7 


Chocolate, coffee, tea, gelatina, deeerts mixea. 






















2.3 


2.2 


2.2 


2.3 


2,9 


3.0 


3. 


0 


2.8 




9.0 


9.3 


9.0 


9.3 


9.1 


9.8 


10. 


i 


12.5 




29.0 


31.5 


30.2 


31.0 


30.8 


33.8 


34. 


4 


38.8 



Nonfood: 

Tobacco.. ........ 16.6 21 1 18.5 21.8 19.9 20.7 19.6 2L2 

Induatrial parta, rubber gooda, tape, soaps, 
chemicals, photographic and x-ray film, 

photographic paper, corrugated shipperSt etc. 7.0 7.8 6.7 6.5 8.6 13.3 16.2 16.9 
Total nonfood 23. 6 28. 9 25. 2 28. 3 28. 5 34. 0 35. 8 38. 1 

Othen 





8.7 


9.4 


8.9 


8.3 


8.0 


8.2 


7.5 


6.6 


Labeb, tags, seaU, and beverage wraparounds . . 


9.4 


9.3 


9.0 


8.8 


9.2 


9.2 


9.2 


9.6 


Military packaging (direct and indirect orders). 


1.2 


1.4 


1.0 


1. 1 


1.2 


2.1 


3.7 


5.4 




7.3 


9.4 


11.4 


10,4 


9.5 


12.0 


12.9 


11.6 


Locker plant, freezer* restaurant, and house* 




















59.1 


75. 4 


72.5 


82.7 


94.8 


101.4 


113.7 


116.1 




18.4 


19.5 


16.3 


19. 2 


19.0 


17.5 


2t.4 


24.4 




m.x 


124.4 


119. 1 


130.5 


141.7 


150.4 


168.4 


173.7 




156.7 


184.8 


174.5 


189.8 


201.0 


218.2 


236.8 


250.6 



Grand total— aluminum foil . . . 192. 6 232. 7 228. 1 246. 9 267. 5 290. 3 318. 3 335. 5 

Source: U.S. UtpktimtDl of Commrrcr, BuiUi^t and Vtttmt Stnlctn AdaiinUlr«tk>o. Containers an<{ Packttging. 20(l):9, AprU, 1967. Modified 
hy MidwMt Ke*e«rcb lattitute. 
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rate is based on a faster growth rate (about 6.8 
percent a year) \inlil 1970 and a slower grow th 
rate (about 5.0 percent) thereafter. The slow down 
in the grow th rate is expected to occur because 
traditionat ahirninum markets will mature and 
alternate barrier materials will be developed and 
will displace some atuminum foil. 

CoIlapdibti3 Metal Tubes 

Coilapsibie metal tubes are used primarily to 
package and dispense semidiquid or pasty prod- 
ucts such as toothpaste, cosmetics, and glue 
(Tables 36 and 37). These tubes are convenient, 



easy to store, and dispense the product in an 
easy, sanitary fasliion. 

The metals most often used arc tin, tin*Ioad, 
lead, and aluminum (Table 38). The type of 
metal used and the internal protective coating 
required are determined by the characteristics of 
the product* More tubes are made from aluminum 
than any other metal; however, a greater quantity 
of lead is consumed because lead weighs much 
more pe ^ nli. Tin is most often used for products 
that require a chemicaUy inert container, as for 
eye ointments. The usual coatings for tubes inV 
elude wax and resins such as vinyls, phenoUcs, 
and epoxies. 



Table 35— Consumption of atuminum foil by end usei 1956 to 1965, in jtercent of total pounds 



Ead>tiM product (roup 



19S8 1959 1960 1961 1962 196S 1964 196S 



Semi-rigid coDUin«rs: 

Frozen, precooked, dairy, etc 17,8 19.4 22. 4 22.2 24,1 24.1 24,1 23. 8 

Otherfood» ........ .8 1.2 1.1 .9 .8 .7 .9 l.S 

Total leml-rlgld foil 18. 6 20. 6 23. 5 23. 1 24. 9 24. 8 25. 0 25. 3 

Nonrigid foil: 
Food: 

Dairy products and edible oila 5. 0 4. 3 4. 5 3. 8 3.4 3. 4 3. 2 3. 2 

Dried and dehydrated food products ... .8 .9 . 8 1.0 .7 .5 . 6 . 8 

Cookies, baking, cereal, and kindred products 3. 1 3. i 2.8 2,8 2.6 2.9 2. 2 2. 5 

Meat, poultry, and seafoods. 3 .3 »3 ,3 .3 .4 5 .5 

Chocolate, cofTee I tea, gelatin?, powders, etc 1.2 .9 1.0 .9 1.1 1.0 .9 .9 

Gum, confections, snacks, nuts, etc. . « 4, 7 4. 0 3. 9 3. 8 3. 4 3. 4 3. 7 3. 7 

Totaffood.. 15.1 13.5 13.3 12.6 11.5 11.7 10.8 11.6 

Nonfood: 

Tobacco 8.6 9.1 8.1 8.8 7.4 7.1 6.2 6.3 

Industrial parts, chemicals, photographic, etc 3. 6 3. 3 2.9 2. 6 3. 2 4. 6 5. 1 S. 0 

Total nonfood 12.2 12.4 ILO 11.4 10.6 11.7 11.3 11.3 

Other; 

Cap h'ners and packaging closures 4.5 4.1 3.9 3.4 3.0 2.8 2.4 2.0 

Labels, tags, seals, beverage wraparounds 4.9 4.0 3.9 3.6 3.4 3.2 2.9 2.9 

Military (direct and indirect). . . 6 .6 .4 .4 »5 .7 1.2 1.6 

Decorative papers^ gift wrap, etc. .... r 3.8 4.0 5.0 4.2 3. 6 4.1 4.0 3.4 

Locker plant, freezer, restaurant, household 30. 7 32. 4 31. 8 33. S 35. 4 35. 0 35. 7 34. 6 

Unknown end use, scrap, and waste 9.6 8.4 7.2 7.8 7.1 6.0 6.7 7.3 

Total other 54.1 53.5 52.2 52. 9 53.0 51.8 52.9 51.8 

Total nonrigid foil 81.4 79.4 76.5 76.9 75.1 75.2 75.0 74.7 

Total— aluminum foil 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100. 0 



Source: table H. 
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The most Bignificanl current (ievclopmcnt in 
tubo making is the appearance of lannnatocl, 
composite tubes. One such container, made of 
laycfd of polyethylene, foil, paper, and a second 
polyethylene layer has already been iiUrodttceil 
commercially. A composite tube has several 
advantages over an all«nielabtube--lowe^ cost* 
compatibility with products which cannot be 
packaged at present in all-metal tubes, and better 
prinlability. 



There is some interest in using tubes for fooil 
products; however, consumers do not seem too 
eager to swutch to this form of food packaging. 

Cosmetics a^ I pharmaceuticals seem to have 
the most pjr<«i.Hso in new applications for tubes. 

Aerosols and plastic tubes have taken some of 
the markets previously held by metal* Plastic 
tubes are behig useil increasingly for cosmetics, 
where tho nonbreakability, transparency) and 
durability of plastics make them especially 



Tabi e ^S.-^Shipmcnts of collapsible iuhes by end use: 1958 to 1966, in milHom of units 







19S8 


1959 


I960 


1961 


1962 


1963 


1964 


I96S 


1966 






513 


581 


579 


609 


529 


582 


637 


619 


623 






20 1 


249 


234 


248 


258 


283 


302 


287 


338 






166 


176 


169 


1S9 


163 


152 


160 


194 


208 






78 


104 


113 


123 


112 


159 


125 


173 


147 






43 


39 


32 


25 


20 


20 


19 


14 


19 






.6 


.6 


.6 


.6 


; 7 


.7 


.6 


I 


5 


'Foul. 




1,004.6 


1» 149.6 


1,127.6 


l»16^t.6 


1.082,7 


1,196-7 


1,243.6 


1,288 


1,340 



Sourer: i'.S. DrpAttm^nt of CommrrCf, BufttnrM and DrfmM Servk^ft AdmmUuation. Omtainert and Packagini, 17(2): 23, june 1964. thU, 18(5)) 
20, Oclobrr 1965. Modern Packaging, 40(9j: t03« Max 1967* Midwrtt RfMArch Uittfutr. 



Tablb 37. — Shipment of collapsible tubes by end use: 1958 to 1966, in percent of shipment 



tad UM 1958 19S9 1960 1961 1962 1963 1964 1965 1966 



Denli/ricca... . 51.0 50.5 51.3 52.3 48,8 48.7 51.2 48.0 46.5 

Medicinal, pharmaceutical 20 3 21.6 20.8 21.3 23.8 23.7 24.3 22.3 25.2 

Houftehold, induBlria! 16.5 15.3 15.0 13.6 15.0 12.7 12.9 14.7 15.5 

CoBraetica 7.8 9.1 10.0 10.5 10.4 13.2 10.0 13.6 11.0 

Shaving cream 4.3 3.4 2.8 2.2 1.9 1.6 1.5 1.3 1.4 

Food producU.. .1 .1 .1 .1 .1 ,1 .1 ,1 ,4 



Total... 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100. 0 



Source: Tibte 36. 

Table ^S»—Shipments of collapsible tubes by type of metal: 1958 to 1966 
in tfaouMndM of poundi 



T>rrofmHa) 19S8 1959 1960 1961 1962 1963 t9&i 1965 1966 



Tin... 1,194 1,422 1,153 i:3i4 1,187 1,285 1,353 

Tin<oalcd lead 689 731 639 493 427 389 390 

Uad 13,777 13,082 15,827 22,569 22,959 28,305 26,217 

Tin-lcad allajr 560 615 694 449 506 535 416 

Alummum 8,196 9.891 9,401 8,417 7,839 9,397 10,146 



Total 24,416 25,772 27,714 33,272 32,918 39,911 38,522 35,000 32,000 



SourCf: l'..S. I>cp«rirarht of Commfrcr, Bu»inf»and Drffnw Srrvicei Adminkslrftlk>fi» Conldin^ri and Packaging, 17(2): 24. June 1961. Ihid, 18(5): 
20, October 1965. MidHTBl Nr«f«rch ln*ti(utr. 



ERIC 



61 



PACKAGING 



attractive containeri*. Watcr-basetl aiul oil-water 
einiiliions (8tiaiut>ooi4, croatn^, tolioiid) perform 
well in plastics, Liit prothictj* that arc oxygen 
sensitive or pernieal)le through plastics arc 
iliflicult to package in plastic Uihes. 

TItc ilcvelopment of plastic tubes has l»een a 
major factor inhibiting ihc growth rate of metal 
lubes. In recent years tlic number of metal lubes 
lias V'^^rit^i between l.l and 1.3 billion unit»^, 
or about M) to '^^ million pounds of mctab Plastic 
luboft now account for 250 million unild. 

Competing uuitcriaU and packaging forniJ*, 
and the problemi* presented by f»roducl com* 
patibility with the melnl tube, are delerrentB to 
ihe'r more extensive n^^e. IJecuusc of these factors, 
vohnne phnuld <lecline hi metal tubes — from 32 
milHon pounds of metal in 1%6 to 25 mitltori 
pounds in 1076, The rate of decline will be about 
2,1 percent a year. 

Steel Drums and Pail<* 

Steel <lrum(* and paiU are use<l j)rhnarily for 
shipping liquid or paste-type products — chemicals, 
pctroleun), adhesive?, paints, and the like. Steel 
drnnid and pails were once used in volume to 
ship dry prodnrts, but now other types of con- 
tainers, such as fiber drtuns and multiwall bagt^, 
arc used. Tables 39 and 40 give shipmcntn of 
these containers by end use in nund>er of units 
and as percent of market held for the years 
1958 through 1066. 

Steel dnnns and ]>ails liave had a modest 
growth rate in recent years. In 1958, 31.5 million 
new drums were shipped; by 1966, shipments 
had advanced to 35.8 million units, C'orrcsponiling 
figures for steel pails are 72.2 million units in 
1958 and 89.1 million units in 1066. Since 1959, 
the amount of steel used for drums and pails 
has remained steady at around 1 .6 billion pounds. 

Recent trends in steel dnnns and pails arc 
toward improved materials, belter decoration, 
improved shapes, use of coatings and linings, 
and less recondtliom'ng antl re-usc» 

Lighter gauge steels and improved structural 
designs have been developed to increase unit 
slrenglh, improve its porformancc, or reduce 
its weight. 



Steel drums and pails are being given a better 
appearance by use of jnore decoration to promote 
brand names and the ((uality of the product 
inside the container. 

Pails that nest together to save space in storage 
and shippiagi drums that can be taken apart, 
and sidewalls (hat nest together for siiipping 
prior to fdting liave been designed. 

Improved coatings and linings to protect both 
the product and the container have been de- 
veloped. The most important coatings are pheno* 
lies, cpoxics, ami vinyls. PoIyethyJcue lincra 
of 10 to 15 mil thickness arc being used with 
either steel or fd^er outer shells, 

At present, drums are reconditioned and re* 
nscd at the rate of about 50 million units per 
year. However, reconditioning of drums has 
become less important as tlio lighter gauge 
drums replace the heavier drnms, which liave a 
20-ga\ige bwly and an 18-gauge head. The lighter 
gauge steel drums can be reconditioned only a 
few times, if at all. The most important factor- 
cost to the user— seems to favor the use of the 
lighter gauge drums. For example, an 18.gauge 
drum that is reconditioned 15 times may have an 
average cost per trip of around S2.50 (original 
cost plus 15 recondilionings). A lighter gauge 
steel drum may cost about S3.00 per trip (original 
cost phis two recondilionings). However^ the 
user saves a substantial amount on freiglit cost 
because an 18 -gauge, 55'gallon drum weighs 
about 48 pounds and a 24-gauge ilrum of the 
same capacity weighs only 30 pounds. Also, 
reusable drums consume a good deal more record 
keeping time. Because of these cost factors 
tlie lighter gauge drum seems to Ik) the least 
expensive to the user; it is more than likely 
that the heavier gauge steel dnmis will be dis- 
placed by lighter gauge drums au<l drums made 
from other materials. 

Slcel drums and pails are feeling some conipcti- 
tion from other materials that perform satis* 
factorily for one. trip service — fiber rlrums, cor- 
rugated containers, multiwall bags, and plastics. 
It IS unlikely, however, that fiber or plastic 
drums will replace steel drums for most licpiid 
or paste products in tho near future. Blow- 
molded plastics for li<piid chemicals have made 
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TauU; Z9.—iihipmi nis oj shipping barrds, drims^ and fmUt 1956-1966 

In thouundft of unlic 



Contiinrt i>i>« IW9 1960 1961 »%J 1963 i96» 1965 1966 

Shipping barrets and dtutMi 





19,0IB 


20, 107 


17,919 


18,874 


20, 192 


20, 057 


21,381 


21,209 


(^) 


55«gal, 16* and 18 -gauge .... 


. 15,359 


15, 707 


12, 932 


12,715 


13,000 


12, 930 


13, 967 


13, 182 


C*) 


55-gal, 19«gaiige aod tighter. . 


(') 


(') 


(•) 


(•) 


245 


258 


232 


338 


(^) 


SS.gal. 20/l8.gttuge 


586 


1,511 


2,217 


3, 082 


3,900 


3,713 


4,180 


4,609 


(^) 


All other heavy l>]>e bbla . . . 


3,073 


3, .l?9 


2,800 


3, 077 


3,017 


3, 156 


3»002 


3,080 


\ / 




9»315 


10, 170 


9, 531 


9, 537 


9, 602 


9» 234 


9, 514 


9, 794 






. 3, i58 


2.891 


3, 106 


3, 131 


3, 172 


3, 007 


2,931 


2,924 




Total 


. 31,191 


33, 528 


30, 586 


31,515 


32,966 


32, 298 


33, 826 


33,927 


35, 765 


;! shipping pailft: 






















9. 039 


9, 891 


8, 119 


9, 636 


12.368 


16, 207 


19. 198 


22, 055 


26,981 


Dome lop puHs 


4, 1 13 


1, 027 


1,189 


1, 189 


4,488 


1,606 


4, 526 


5, 262 


4, 431 




58.997 


66. 729 


61, 138 


62, 138 


62, 412 


58, 260 


59, 052 


60, 173 


57, 237 


Total 


72, 179 


80, 650 


73.812 


76, 263 


79, 298 


79, 073 


82, 776 


87, 495 


88, 619 



• Includf J in Jijurei for SS-gaU 20,18'iiu|f, and Ujhler. SouKft U.S. Utpariirifot of CommrKf, Uucmu of lh« Ccn»u». Suel 

" .Not •vau«bie>. ehlpplni tiarrrti, druina, ind tuk'iU. Current industrlaf Rfportt, Strlft 

M1»K(S9'13)-M34K(66-12). WAthlniioa, D.C., 1960-19^* 



Tablk 40. — Shipments of siccl barrels, drumst and pails by end use: 1958-1966 

In percent of unit <hJpaieDt4 



J958 1959 I960 1961 1962 1963 1961 I96S 1966 



Steel barrels, drums: 





41.7 


47.8 


50.4 


52.4 


51.4 


51,7 


51,1 


51.8 


54.3 


Petroleum 


38. 6 


28.9 


27.5 


27.0 


26.5 


25.4 


24.0 


25. 1 


26,8 




4.5 


5.8 


5. 1 


5.0 


6.2 


6.4 


5.8 


6.7 


6. I 




1.7 


2.2 


2.3 


2.4 


2.3 


2.6 


3.5 


3.8 


2.9 




.... 4. 7 


4.8 


3.4 


3.6 


4.9 


6.3 


5.8 


4.4 


3,6 




8.8 


10,5 


11.3 


9.6 


. 8.7 


7.6 


9.8 


8.2 


6.3 


lotal 


... 100. 0 


100.0 


100.0 


100. 0 


100. 0 


100.0 


100.0 


100,0 


100.0 



Steel paiU^ 





19. 1 


18.9 


19.8 


18.0 


18.6 


19.2 


18.6 


28.2 


19. 7 


Petroleum 


21.1 


17.6 


18. 1 


16.4 


15.9 


16.2 


16.0 


19.7 


20. 1 


I'ainl and printing ink.. . . . 


.... 28. 3 


33.4 


32.3 


32.9 


32.1 


31.9 


32.3 


23.2 


27.3 




. . 4. 8 


5.3 


5.2 


4.5 


4.7 


5.0 


5.5 


5.4 


5.7 




11.9 


10, 4 


9.8 


14.8 


15.4 


15.5 


11 2 


10.5 


14.0 




14. 8 


14.4 


14.8 


13.4 


13.3 


12.2 


12.4 


13.0 


13.2 



Contamrr type 



Total 100. 0 too. 0 100. 0 100, 0 100. 0 100. 0 100. 0 100. 0 100. 0 



SoWte; Sicfl Ship|>in| l>)nlainer InaTilutc. In<". 
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Bome inroads in Btrtall drums and pails. Beoauso 
of their Iiigh cost, most users do not use larger 
plastic containers. 

Bulk shipment of many products, made possible 
by grooving volume requirements, has taken 
away some of the market for steet dnnns. M^ny 
products can now bd shipped in bulk in tank 
card or in special bulk containers on wheels. 

As a result of lighter weight per unit and 
continuing market erosion by competing ma« 
terials, there will be a slight decline (LS percent 
annually) in tite quantity of steel used in steel 
drums and pails. Steel consumption should dip 
from 1.6 billion pounds in 1966 to 1.56 billion 
pounds in 1976. However, the number of units 
should increase during this period because of the 
normal increase in demand for products shipped in 
steel drums and pails and because of the increasing 
use of lighter one-way containers* 

Metal Strapping 

Metal strapping is used primarily to unitize 
shipping containers Huch as corrugated boxes or 
to hold palletized loads in place. Steel is tlic most 
common strapping material because the strapping 
is usually applied under considerable tension, 
and steel can absorb heavy impact without 
breaking. Both heavy duty steel strapping and 
common cold-rolled steel strapping arc used, the 
latter in cases in which there is not likely to be a 
great deal of shock or impact on the straps. 

The use of steel strapping is increasing because 
use of unitized loads and palletizing is growing* 
These techniques require strong, tough steel 
strappings. Also, unitizing systems arc set up as 
pan of pro(h)ction lines, and strapping machinery 
can prepare the unit automatically or semi*auto- 
maticaily in high volume. This trend toward 
integration of the strapping process with the rest 
of the packaging operation will continue as unitiz* 
ing and palletizing become more important in the 
distribution process. 

Nonmetallic strappings^ most often of nylon, 
polypropylene, or rayon cord, are being used on 
packed goods and unitized groups of packages. 
The nomctallie strappings are more easily re- 
moved than steel strappings and are fmding read) 
acceptance in retail slorci^ and consumer packag- 
ing. 



Nonmetallic strappings are more resilient but 
less dimensionally stable than steel; consequently^ 
they are less latisfactory where continuous liigli 
tension is required. It is likely tliat nonmetallic 
strapping will displace steel strappings where 
the primary function of the strap is to keep a 
package or group of packages together rather than 
to absorb heavy impacts. 

The trend in packaging toward unitized loads 
and more palletizing shoidd more than offset the 
use of nonmetallic strapping In some applications. 
Steel strappings will grow at a rate of about 2»2 
percent annually, with vohinic rising from 800 
million pounds in 1966 to 994 million pounds in 
1976. 

Gaa Cylinders 

The production of gas cylinders varies from 
year to year depending on the demand for indus- 
trial gases and the retirement of old containers^ 
These packages have a relatively long life and are 
used predominantly in industrial applications. 
However, some small cylinders arc aleo produced 
for the consumer uiarkets; these containers carry 
small amounts of carbon dioxide for use with 
gas -powered rifles and pistols and carbonation 
devices used in the residential bar. Of all packaging 
configurations considered in this report, only gas 
cylinders appear to be immune from competition 
by plastics or other materiah^ 

Relatively steady demand sliould characterize 
gas cylinders in the 10-year period under study. 
Gas cylinders weighing 120 million pounds were 
produced in 1966; although the weight of all 
containers produced will vary stiglitly from year 
to year, we do not foresee any major increase or 
decline in this category. 

Metal Caps and Crowns 

More than 73 billion closures of various kinds 
were produced in 1966, up from about 62 biUion 
units in 1958. The bulk of these closures in 1966, 
65 billion units, were metal, the balance plastics 
(Table 41). Two major types of metal closures 
can be ideniified — caps and crowns. 
Metal Caps 

Metal caps, usually made of steel or aluminum, 
are used as closures for bottles, cans, jars, and 
iubes. Sizes, styles, and configurations exist in 



ERIC 



IN SOLID WASTE MANAGEMENT 



67 



great variety. A lUt of tlie principal types of metal 
caps along with a typical application illustrates 
their diverse nature; screw type— catsup bottle; 
hig type^-pickles; rollcil-on-'keer; snap^ lit-, and 
press^on typed-r-jelly; vacuum --jelly; and tamper 
proof-~nicdicines. Most metat capi) are lined witli 
some other material, such as paper, (ilm, foil, wax, 
plastic, or cork, to assure a tight seal. 

Improved caps olTering easy opening and reseal- 
able features have recently been developed ami 
have enjoyed widespread consumer acceptance. 
Plastics are the chief competitors of metal closures. 
Plastics are somewhat more versatile and fimc- 
lional tlian mctnl for some applications. They ran 
he hinged, formed as dispenser openings, are 
visually more attractive, and need no liacr. How- 
ever, metal cap^ arc the preferred closures for 
large containers of all kinds and for glass contain- 
ers. Continued technological improvements and 
the low cost of these materials \\ill keep metals in 
a strong competitive [>osition for many years. 

In 1966, 18»5 billion metal caps consiuned 263 
million pounds of metaL By 1976, 320 million 
pounds of metal will be used for metal caps — a 
grow th rate of 2.0 percent. 

Metal Crowns 

Closures in the form of metal crowns are used 
almost exclusively for beer and soft drink con- 
tainers made of glass. 

It is imlikely that the basic shape of metal 
crowns —the fluted or rounded skirt shape— will 



change significantly. However, in recent years 
there have been a few changes in and additions to 
this basic closure. The familiar cork liner« for 
instance, has been replaced with a plastic ring. 

The most significant development has been the 
addition of pull ring or Cab extensions to the caps 
so that they can be opened without an opener. This 
easy -open closure puts glass containers on a more 
competitive basis with soft drink and beer cans 
with pull tabs. Other types of self-opening crowns, 
such as twist^off caps have also been developed. 

The metal crown should continue to be used in 
quantity on beer and soft drink bottles. However, 
because of i!ie gains that will be made by metal 
cans in beer and soft drink packaging, metal 
crowns w ill liave an overall decline. This decline 
sliould be at the rate of about 0«8 percent a year, 
resulting in a decline of metal consumption from 
100 million pounds in 1966 to 380 million pounds 
in 1976. 

PLASTICS 

Probably no other material merits as much 
attention in packaging circles as plastics. To 
borrow a current slang expression, in packaging, 
plastics are what^a happening. 

The excitement which plastics generate is under- 
standable. These materials arc truly new in 
packaging, a field which has been dominated for 
many decades by paper« glass, and metals. The 
appearance of plasties has created a renaissance 
in packaging: they have initiated round after 



Table 4 L-— SA ipment$ of closures for conta iners : 1 P5d-i 966 

In miUioas of unlti 



Type of clocure 



i9sa 



1959 



I960 



1961 



1962 



1%3 



1964 



1965 



1966 



Metal cap» 14,653 

For glass containers 14»653 

For metal containers ............ (0 

For plastic containers (0 

Metal crowns 175 

PI as t ic closu res ' 3, 026 

For glass containers 3,026 

For meial containers (•) 

For plastic containers (*) 

For metal tubes (•) 

Total closures , 61,854 



15,419 14,884 16,050 16,570 17,169 
15,419 14,884 15,361 15,747 15,980 



(0 

(0 
46, 473 
3.014 
3,014 

W 

(•) 

(') 



(0 

(0 
42,096 
2,962 
2,962 

(•) 

w 

(0 



559 
130 
43, 967 
7,076 
4, 295 
500 
1,205 
1,076 



623 
200 
44, 532 
7,688 
4, 522 
638 
1,362 
1, 166 



m 

405 
45, 471 
8, 862 
4,668 

725 
2, 284 
1, 185 



17, 170 
15,980 
785 
405 
46, 455 
8,862 
4,668 
725 
2. 2a4 
1, 185 



17, 950 
16, 761 
792 
397 
47,982 
9,510 
4, 972 
861 
2,471 
1,206 



18,459 
17, 287 
726 
446 
46, 654 
10, 384 
5, 446 
1,010 
2, 728 
1,200 



64,906 59,942 67,093 68,790 71,502 72.487 75,442 75,497 



• Not nvailabie. 



Source: U.S. Depart mrn I of Coramcrcf. Bureau of the Centu*. Clo* 
■uret fi^ C0Ti!ain«ri. Current tnHuitrial HeporU. »tr\tt M34H(S9-l3)— 
513411(66-13). Wi»bui(ton. U.C.. \9(i(h\9t7. 
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round of intenBO materials competition; they 
have penetrated many established markets; 
thoy have created new packaging outlets for 
themselves; and tliey have been combined with 
traditional materials to improve the latter. Most 
hnportantly, however, their full potential seems 
hardly to have been tapped. Thoy promise new 
opportunities for producers, converters, and 
packagers, and they represent competitive threats 
to all other packaging materials. 

How new are plastics? Tliey have been used in 
packaging sirice the i950*s, Vohune usage did not 
develop, however, until about 1960, the year 
when polyethylene prices dropped and this — the 
most popular -plastic began to expand in volume.. 
Since that time, plastics have grown rapidly. 
In 1906, 2.2 billion pounds were manvifactured 
for packaging applications, compared with about 
736 million i^mds in 1958* (Table 42). On a 
weight basis, plastics still represented only 2.4 
percent of total packaging in 1966, which would 
seem to indicate that the excitement about plastics 
is mucli ado about very little. However, tonnage 



♦The floured ciletl include ceilophane, actually not u 
plastic material in the conventional usage of the term. 
If cellophane i$ cxchulod, 1966 plastic* pco<luction wonM 
he l.S billion pounds, up frotn 333 million pounds, or an 
increase of 550 percent in eight years. 



does not tell the wliole story; on a dollar basis, 
plastics held just under 10 percent of all packaging 
shipments in 1966. 

Dcscrlptioit of Plastics 

Althotigh this docs not hold for all plastics, 
all of the major varieties are derived from a 
single, prolifto petroleum raw material, ethylene. 
Ktliytene is the base for a multitude of inter* 
mediate substances and end products, including 
8i»ch things as explosives, detergents, DDT, 
certain perfumes, and the aspirin tablet. Poly* 
ethylene, polyvinyl chloride, and polystyrene 
arc three of the four niajor plastics derived from 
ethylene. Polypropylene, tlie fotirth, is obtained 
from a process by which ethane is produced 
(Fignre20), 

Cellophane is the maverick. This material, 
usually inchided with plastics because it is used 
in the sime products and has similar character- 
istics, is produced in large quantities (395 million 
pounds in 1966) from wootl putp« This material 
will be discussed separately below. 

All of the large volume plastics are thermo- 
plastics, i.e., they can be heat-softened repeatedly. 
Small quantities of thermosetting plastics are 
also uaed in packaging. These materials — prin- 
cipally phenol', urea«, and melamine-fomialde- 
hyde — can only be molded once; thereafter they 



Tablk \2,— Consumption of plastics by end use: 1958 to 1976 

In initlioniof poundi 



19SS I960 



1961 



1962 



1963 



1964 



1965 



1966 1970 1973 1976 



Rigid And senii'rigid: 

Bottles 23 32 65 125 175 195 227 270 304 730 1,150 1,700 

Tubes (0 3 3 10 15 30 35 40 

Formed and molded 61 73 120 liO 175 213 268 375 478 800 1,000 1,400 

Closures 22 22 22 53 58 65 66 72 85 120 160 210 



Total 106 127 207 318 408 456 584 727 882 1,680 2,345 3,350 



Film: 

Cellophane^' 403 436 439 423 410 405 410 405 395 360 340 320 

Polyethylene fdiii 175 247 280 340 380 440 500 615 730 1,280 1,610 2,030 

Other public film 52 54 57 65 8i 104 116 133 192 300 400 560 



Total 630 737 776 828 874 949 1,026 1,153 1,317 1,940 2,350 2,910 



Plastics total 736 861 983 1,146 1,282 1. 405 1,610 1,880 2,199 3,620 4,695 6,260 



• Not iriUable. Vol. 40, No. 13A. New York, McCif •w-Hill. loc. S<pUinbfr 1967. 

b foolnote iM^ripkea tbove, 879 p. klodtrn V{csik», 4S(^): 93-91, January l96«. Mi<fw«l Reiearch 

Source: Modtrn Packatini Encyclopedia. WUrkam C. Simmi, ed. Inalitule. 
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Figure 20^— Packaging plastics commonly derived from elhylenc 



cannot be heat-softened again^ Thermosets are 
used primarily for closures. 

The key to the popularity of plastics is tlieir 
outstanding performance characteriaticd in pack* 
aging appUcations: 

— ^They are strong, durable materials which 
perform well both at liigli and low tempera- 
lures. 

— They may be used as rigid, flexible^ or semi* 

rigid materials* 
— They can be colored readiiy and can he pro- 
duced as clear or opaque containers. 
—They are excellent barrier materials which 
resist chemicals, oils, greases, and can be 
made to either transmit, exclude^ or con- 
tain vapors and gases* 
— Finallyi they have many characteristics 
which favor them in package manufacturing 
or package filling: they arc easy to machine, 
can be tliermoformed, arc printed without 
difficulty, and are lieat-sealable. 
(Jiven such cliaracteristics, plastics can he pro* 
duced by a numl>er of techniques, including ex* 
tnision, casting, solvcht^dispersion, fabrication, 
injection moldings blow molding, thernioforming, 
compression molding, and cold forming. 



Uses 

Plastics in packaging are used in three basic 
groupings: (1) as fdms and tbermoformed and 
fabricated sheets; (2) as molded containers and 
closures; and (3) as coatings and adhesive*. 
Coatings and adhesivcs are discussed under the 
heading of Miscellaneous Packaging Materials in 
a separate section* The otlicrs are discussed here* 

Pfoduclion volume is fairly evenly divided be- 
tween films and slicet (922 million pounds in 
1066, excluding cellophane) and the more rigid 
container groupings (882 million pounds). An 
overview is presented, for 1966, in Table 43. 
Table 44 shows more detailed breakdowns for 
1965. 1966, and 1967. 

General Trends 

The basic trend which characterises plasties 
in packaging is rapid expansion. Underlying the 
growth of plastics are popular demand by the 
consumer and technological developments aimed 
at improving the performance characteristics of 
these materials by combining them with one 
another and with other materials. 
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Tab LB i3. — PhitUs comumed in packoging by type t>f matetiatt 
fo mUl{oDiofpoun<}| 



Fttm Fotmedftod Botilti 
4Dd K^ded tod Cioiu'fei 
fh<ek coouioer* tabet 



Toul Percent 



Polyetb)rleoe» tow and high den»Uy. 

Polypropyl sflc. 

Polyvinyl chloride 

Polystyrene 

Polyeater 

Celiulodic* 

PolyvbyUdene cUorlde 

Urea «od pbeno!ic8 

Other 



730 
58 
60 
8 
8 

30 
22 



95 301 



26 1,15S 64.0 



371 



12 
3 



10 



12 



29 
11 



67 
72 
392 
8 

30 
22 
29 
29 



3.7 
4,0 
2L7 
0.5 
1.7 
1.2 
1.6 
1.6 



Total, 



922 



478 



319 



85 1,804 100.0 



Soarce; Modtrn PhttUt, 45(5): 93, Jan. 1968, ModiSed hr Midwc«t KeMtrcfa to«lIiuU. 



Pleuble Plastics Packaging 

More thaa 1.3 billion pounds of p]aetic6» 
including cellophanct were converted into a 
variety of filmB for packaging in 1966. Packaging 
films represented nearly 60 percent of all plastics 
packaging produced in that year. Overall, this 
material grouping will enjoy very good growth 
(8.2 percent annuany)^ resulting in a volume of 
2.9 billion pounds in 1976 (Table 45, Figure 21). 
In thai year^ however^ flexible plastics will repre* 
sent only 46 percent of total plastics packaging^ 
having been outdistanced by formed and molded 
plastics which will enjoy much greater growth in 
the lO^year period of this forecast. 

Two broad groupings of flexible packaging can 
be distinguished: flexible packaging with films 
and shrink packaging. Separate sections will be 
devoted to these two types of packaging^ followed 
by sections on polyethylene, other plastics^ and 
cellophane. 
FUxible Packaging 

On a tonnage basis, flexible packaging is dom« 
inated by paper. In 1966 more than 9.4 billion 
pounds of paper were used in such packaging 
service versus about 1.3 billion pounds of plastics 
and cellophane. 

Two types of plastic materials— polyethylene 
and cellophane — are used extensively as flexible 
films in packaging. Several other types of fdms 
also find substantial) if notably smaller^ outlets. 
Among them are: polypropylene, polystyrene, 
aaran, polyvinyl chloride* polyester, polycarbon* 
ate, pliofilm, nylon, and cellulose acetate (Table 
46 and Figure 22). Most of these films are used 



either as inner and outer wraps, as bags and 
envelopes, or as pouches. Tliey may fmd appli- 
cation either as unsupported film or as lamina* 
tions to other films, foil, and paper. 

The great bulk of films still appears in mono* 
lithic form—pure polyethylene, coated cellophane, 
polyvinyl chloride, and polypropylene. However, 
an increasing^' percentage of these films is appear- 
ing in specialized forms and in combinations. 
Over the last few years, simplicity of film design 
based on monolitfaio films has given way to a 
complex array of laminations and multilayer or 
**8tructured** films. Today there are more than 
500 coated and laminated composites, com- 
bining thermoplastics, cellulosics, paper and foil 
for packaging service. In addition, the traditional 
distinctions between rigid and flexible packaging 
are also disappearing. 

Underlying the rapid historical growth of plas- 
tics in flexible packaging are four forces: 

1. The ability to use these materials to package 
a wide variety of products, combined w4th a 
trend toward packaging many items which have 
not traditionally rated such distinction; 

2. Plastic film technology, which is improving 
the utility of these materials and endowing them 
with new characteristics; 

3. The competitive promise of plastics against 
such materials as glass and metals, which spurs 
research eiTort and experimentation aimed at 
future market growth; 

4. The drop in polyethylene prices mentioned 
earlier. 



IN SOLID IVAl 

'lABtK li,— PUillcA cot\t»timeU in packaglngi 1965-1967 

{a mUJk>ni of pound* 
Trp<c(pUitk 196$ 1966 196T 



Film aad iheet up to 10 miU^ 
Polyethylene, low and high 
density* including industrial 
packaging, drum liners, 
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'r.\BtE It.— Plastics consumed In packaging: 1965-1967 



T)iieorpUilli> VH»% 1966 t96t 

iiotttes and tubes: 

Polyethylene bottles 265 289 350 

Vinyl chloride compounds 5 12 22 

Other, including PS and 

acrylic luultlpolymer r 3 8 

Collapsible tubes, polyolefms .... 10 15 20 



TolaV 280 319 400 



Clotures: 

Urea 18 19 19 

Phcnolics 8 10 10 

Polyethylene, high density 5 10 ]8 

Polyethylene, low density IS 16 16 

Polypropylene 6 9 10 

Polystyrene 10 10 10 

Vinyl plastisol gaskets for jar 

lids , 8 8 8 

Vinyl chloride cap liners 2 3 3 



Total 72 85 94 



Total— all categories 1,478 1,804 2,032 



Source; Modern Plaula, tS (5); 43, lanuiry 1968. MMw^it Rmarcb 
Initltute. 

The most important recent technological ad* 
vaitcc in flexible plastics packaging has l)ecn tho 
(levelopmcnt of lerhnu|ues for combinbig various 
types of (ilms (or otiicr materials) to form com- 
podite or structured materials* These packaging 
composites are actually materials "systems," 
mating the clifTcrent characteristics of dissimilar 
materials to yield a new substance witli superior 
performance. Film structuring is not a new idea, 
hut the technology to combine films is of recent 
vintage, dating from about 1962. Essentially the 
method involves extruding films in combina* 
tions so that they are intimately bonded during 
manufacture. 

The most promising technique is coextrusion, 
whereby two or more couvenlional film extruders 
fec<l the film into a common die where various 
fdm melts are combined into laminates. Although 
two- or thrcc-ply films arc practical, the method 
can be u8e<l for up to seven-ply combinations. 
Structured fifms are also made by combining two 
or more preformed webs using an adhesive or an 
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Table 45. — Couiumption of film ht packaging: 1966 and 
1976 



Type of firm 



(in tnilltoni of l>oundi) rite of 

». — , ^ chiihfe 

Aciuil— l'ot«^*H* - (prrcmi) 
1966 1976 



Cellophane.. 395 320 -2»0 

t*olyeihylene film 730 2,030 10.7 

Other pUitlc rilm 192 560 11.3 

Source^ Midwest Reicircb Inititulr. 

extruded iliermoplastic film to effect the lamina- 
tion. Yet another way in wliicli composites are 
formed is by depositing a coating, dispersed In a 
solvent, onto a preformed substrate. When the 
solvent evaporates or is dried, the coating remains 
on the substrate. 

Whereas monolithic materials have various 
limitations — cost or performance-^composites can 
be prepared to overcome these at an economical 
coat. For instance, structured films can be pro- 
duced to provide barriers to moisturct gases, oils, 
and chemicals; to give controlled gas or vapor 
diffusion rates; to resist heat or thermal shock; 
to Ihj heat scalable at any point between 150 
and 600 Fj to give stiffness or flexibility; and to 
provide a material at any point between full trans- 
parency and opaqueness. 

This type of composite material has also ex» 
cited researchers and packagers, who see struc* 
turcd materials as potential competitors of glass 



and steel containers. The excitement rests on 
some recent developments. For instance, re- 
tor table pouches that protect a product as effee* 
lively as a steel can are already possiblct and 
structured packaging has already replaced cans 
for emergency rations in Vietnam. 
^ Before such materials (retortable food contain* 
ers) will win wide acceptance, many problems 
need to be solved, and many hurdles must be 
overcome— development of suitable materials at 
an acceptable cost, development of suitable con- 
verting and filling machinery, counteracting pop- 
idar preconceptions which would work against 
plastics in high-barrier, high-protection applica- 
tions, etc. Work to develop the technology and to 
market test such packaging products will most 
likely take place in the 1966 to 1976 period. Dur- 
ing this time, however, we do not expect to sec 
significant competitive threats from plastic film 
composites to traditional rigid containers in util- 
ity food goods. 

The rapidly developing film technology may be 
viewed also as a barrier to fdni marketing in the 
near future. Packagers are being bombarded with 
news of film and film combination developments 
and are asked to evaluate a wide array of pro- 
prietary developments by resin producers. Their 
choices are becoming so extensive, and the film 
variations are sometimes so smalt, that the pack- 
agers cannot effectively tailor the films to their 
package requirements without substantial engi- 
neering analysis. Thus, they often stick with an 



Table 46. — Films consumed in packaging by type: 19SS to 1966 
1(1 mUiiooa o! pounds 



T>p« of film 



19S8 1959 1960 1961 1962 1963 



1964 



1965 



1966 



Cellophane 415 436 439 423 410 m 410 405 395 

Polyethylene 183 250 272 340 ^80 440 500 615 730 

Polypropylene 3 15 25 28 40 45 

Polystyrene 1 2 3 5 7 8 9 10 II 

Pliofilm... 10 U 12 13 14 15 15 15 15 

Polyvinyl chloride (PVC) 10 12 15 17 19 21 24 30 40 

Poly vinylideno chloride (Sarflrt) 14 15 17 19 20 21 23 20 20 

Polyester ^. 1 1 2 3 4 6 8 8 8 

Cellulose acetate 555555 5 5 5 

Nfiscellaneoua 1 2233 4 4 5 

Toul* 639 733 767 &30 877 949 1,026 1,152 1,274 



* There are minor dlffrrrncet bflne^n xhttt lol«l» and Ttble 4{ «» i 
reitut of adjuftlmeQli pr imarilr in '/oihrr |ii«ittc filn.*.*' 

Source: Modern t^^tckaging Encydopcdia. WUUam C. Simmm «d. Vol. iO, 



No. I3A. Stw York« McGrawJIdL Inc.. September 1967. 679 p. IhlJ., 
Vot. 38* No. 3A. November 1964. 833 p. 



ERIC 



74 



I>ACKAOtNG 



10, 000 



L,WO 



(A 

o 



O 

o 



100 



TOTAL 




POLYPROPYLBNE 




1966 



a/ The following are not included hero; pliofilm, polyester, cellulose acetate and 
miscellaneous. 

Source: Midwest Research Institute . 
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establidlied package which ha» ^rved their pur« 
poses well* 

A packager must consider not only the charac- 
teristics of the material as a package for his 
products, hut alt^o its relative cost, its iriachine 
handling characteristics, and the obsolescence 
time of the package in a period of rapidly changing 
technology. Thus, while the long«range outlook is 
for more use of special fdm designs and combina* 
tions* these new developments will be accepted 
only as fast as packagers can assimilate them; 
fdni technology will be running ahead of market 
acceptance for a few years. This may residt in a 
'*8hake»out'* of materials; certain of the newest 
types of fdms and fdm combinations will probably 
emerge victorious; otliers will drop by the way- 
side. This is not as likely to apply to monolithic 
Hhns already lised in substantial volume as to 
more exotic combinations. 

Shrink Packaging 

Plastic films have been used effectively for 
siirink packaging. In this technique, an oriented 
or prestretched fdm is wrapped around a product* 
such as fresh meat in a tray, which is sent through 
a heat tunnel. The temperature in the tunnel and 
speed of the package moving through the tunnel 
aro controlled so that the film heats and attempts 
to return to its prestretched condition. In so 
doing, it forms a tiglit wrap around the product. 

A shrink-wrapped package gives a contour fit to 
unusually shaped products and often increases 
their storage life and maintains product quality. 
The tightened film also eliminates wTinkles and 
looseness and gives a neat appearance and im« 
proved display characteristics to the product. 

Shrink-wrapped films provide good moisture 
protection for the product packaged. Controlled 
gas transmission rates are also possible with shrink 
packaging; low oxygen transmission films are used 
for oxygen sensitive products, and films which 
allow high gas transmission rates are used for 
such products as fresh fruits, vegetables, and 
fresh red meats, 

Uesin consumption for shrink packaging dou- 
bled in the 1963 to 1966 period— from 24 million 
pounds to 51 million pounds (Table 47). There is 
considerable competition among films for shrink 
packaging* with polyvinyl chloride, saran, poly- 
ethylene* and polypropylene sharing the greatest 
volumes. 



Tabih il^'-Film consumed in shrink fwfsaging: 1963-1966 

tn mUlk>oiof pouadi 



Type of film 
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196^1 
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PolyvinyhJene clilori<le, . 
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12 
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IS 


20 
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Other 
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Total 


24 


29 


41 


5L0 



• Ioclud*4 in '*Oihw/' 

5ouK»t Modern Packaging EncyHop<4ui. William C. SiRim*« ed. 
Vol.40.No« 13A* New York, McGrawlIU), loc., September 1967. 879 p. 



Polyetliylene film is the lowest cost plastic film 
available today. It heat seals at low temperature; 
it makes a good, tough, moisture-proof wrap^ bag, 
or pouch. It has been used in about equal volumes 
in food and nonfood packaging over the last 
several years (Table 48). 

Machinery requirements can be quite simple; 
equipment is low in cost. While there liave been 
problems of design for certain products^ these 
have been largely overcome, and slirink package 
systems are generally available for most appli- 
cations. One of the most important problems 
has been to overcome tearing of the film either 
during the shrink operation or afterwards as a 
result of small nicks or cuts on the film edge. 
Another has been that most of the shrink wrap 
films are too soft to be pushed through the 
packaging machinery; they have to be pulled 
througli high speed packaging machines or stiff- 
ened in some way where pushing them is un- 
avoidable. 

Shrink packaging promises to continue to be 
one of the major growth areas in plastic films 
in the next decade as shrink characteristics of 
the films are perfected and more types of food 
and nonfood products are packaged in films. 
The greatest volume use is most likely to be in 
fresh meats and produce, AnothcV area of potential 
is in shrink-wrapping of packed proilucts for 
shlpmejil as an alternative to the use of conven* 
tional corrugated boxes (see the earlier discussion 
of shrinkage in the section on containerboard). 
This innovation is already being used for shipping 
unfilled soft drink bottles and is being widely 
tested by some companies for canned foods. 
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TABtK iS.'-'Pofyethylcfte /Urn comtwicd In packaging 
by end use: 1961-1966 
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(fcW., Vol, 39, No. 4A. Dcceaber 1965. a63 p Ihid., Vol. No. 3A. 
.Vorembrf I96i. 833 p. 



However, at ihid point it doca not appear that 
shrink-wrapping will ilisplacc corrugated in 8uh- 
Btantial vohimci 

Polyethylene Filnia 

Polyethylene fihn (predominantly low density 
polyethylene) ha.* led all plastic films in nexible 
packaging end u^jea. Consumption rose from 175 
million pounds in 1958 to 730 million pounds 
in 1966, an increase of over 400 percent in eight 
yeats. Polyethylene passed cellophane in 1963 in 
(pianlity used and lias since left this traditiomd 
material far hcliind. 



One of the significant factor* about polyethylene 
film (and other plastic fdms for that matter) ia 
that ltd growth as a packaging material has been 
in two directions. First, (t has competed directly 
with cellophane and paper for existing applica- 
tions. Second^ it has opened up entirely new 
packaging markets for itself and is used on prod- 
ucts that were previously cither not packaged or 
were packaged in larger aggregations. Examples 
arc the use of film for fresh produce, meat/ and 
textile products packaging* Polyethylene is used 
also as a laminated material and as a liner for 
barrels^ drums, and shipping sacks. 

Polyethylene (PE) will continue to be the 
dominant plastic in flexible packaging in the 1966 
to 1976 period. The basic resin technology is well 
established; pro<iv.ction methods are well developed 
and equipment is readily available. Additional 
factors which will support PK in its dominant 
position will be the appearance of new types 
of polyethylene fdms for packaging applications — 
**oriented" films for shrink packaging and "cross- 
linked'* films for meats and other products 
requiring special characteristics. Furthermore, 
polyethylene will be the most popular substrate 
or prime segment material of structured or layered 
film combinations, tlianks to its low cost. The 
greatest volume will continue to be in monolithic 
form, however. 

PE has enjoyed rapid growth in both f6od and 
nonfood packaging (Table 48). Bulk shipping con- 
tainers (bags, sacks, barrels, pallet bins, etc.) are 
also often lined with polyethylene. The develop- 
ment of substantial volume in shrink wrapping 
for utility canned goods or in household waste 
disposal bags is not expected in the period of this 
forecast. 

On the basis of the foregoing^ we foresee an 
increase in PE production for flexible packaging 
to 2.0 billion pounds by 1976, up from 730 
million pounds 10 years earlier. Growth between 
1966 and 1970 will bo even more rapid; PE pro- 
duction should reach 1.3 billion pounds by 1970. 
Thus, beyond the early 1970's, we expect a slow- 
down in the rate of growth for polyethylene film. 
Other Plastic Films 

In addition to polyethylene, a large number of 
other plastic films are also used in specialized 
packaging applications in flexible packaging. 
About 192 million pounds of such plastics were 
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used in 1966, up from 52 million pounds in 1958 
(Table 45), showing that polyethylene is not the 
only fast'growing plastic in flexible packaging 
materials. The most important of these *'other'* 
plastics are polypropylene— 45 million pounds; 
vinyl— 40 million pounds; and polyvinylidene 
chloride (Saran)— 20 million pounds. 

An important use of these films is in shrink 
packaguig of such food staples as meat and prod* 
Uce» They are also used in structured films, again 
primarily for foods, and in a variety of wrappers 
and bags. 

The outlook for "other plastics" is favorable. 
Overall, these films should grow from a 1966 base 
of 192 million pounds to 560 million pounds by 
1976. This growth will be primarily In specialty 
applications to package sensitive foods such as 
meats, snacks, cheese, produce, etc., and other 
packaguig where the superior strength, barrier 
propertied, and appearance of these more expensive 
plastics will make them the preferred choice over 
dominant but low cost polyethylene, cellophane, 
and paper. 

Cellophane 

Although it is usually included with plastics in 
any discussion of flexible packaging, cellophane 
differs from plastics in basic chemical makeup. 
Most plastics are hydrocarbons. Cellophane is 
regenerated cellulose derived from wood pulp. It is 
one of the few materials which is produced almost 
exclusively for packaging. It is commonly used as 
a transparent wrapping or bag material for food 
products such as baked goods, meats, snacks, and 
candy. Its largest and most familiar nonfood 
application is as the cellophane outer skin on 
cigarette packages (Table 49). 

Virtually all cellophanes are coated to make 
them moidture«proof and/or heat scalable. Princi- 
pal coatings are nitrocellulose, polyvinylidene 
chloride, vinyl copolymer, and polyethylene. 

Cellophane costs 63 to 81 cents per pound or 
from 2.9 to 5.8 cents per 1,000 square inches; 
prices vary depending on material thickness and 
type. Compared to polyethylene fdm, selling for 
1.1 to 1,3 cents per 1,000 square inches, cello- 
phane appears to be a high cost material; actually, 
it is quite competitive with other materials 
(Table 50) as well as with polyethylene if all 
factors are taken into consideration. 



Table 49,— SMpm^mi o/ cellophane by end use: 1962-1969 
In p«r««nl of ililpmeflti hy weight 
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Scarce I Af^trn Packafini Encydcp«di«, WillUm C. SJimn*, e<l. Vol. 
40» No. I3A. New York. MeGuw-HilOoe.. S^pumbcr 1967. 879 p. IkU.. 
Vol. 39. No 4A« Occ«m}ief 196$. 863 p. IM,, Vol. 38, No. )A. NoT<iiih«r 
1964. 833 p. 

Cellophane continues to be a popular material 
for three reasons? Prst, it is highly niachineable; 
it is possible to process cellophane at much higher 
speeds than plastics; this fact serves to overcome 
some of its price disadvantages; second, it is a 
highly uniform material available in a wide 
variety of types (about 120); fmally, it has high, 

Table 50, — Representative 1967 prices oj selected packaging 
papers, filmst and foils * 



Mtterial and irtdc detifoalloa (|Ab) 1.000 K]. 

In. (i) 



CeUophanc, MS 220 |0, 64 2.9 

Saran coated MS 140 81 5.8 

Potyethjrletie coated, 182 .77 4. 2 

Polyetbylene; 

Low densityi 1 mil .32 LI 

High denaity, 1 mil .36 L 2 

Heat ahrinkable, 1 mil 39-1. 00 1. 3-3. 3 

Polypropylene, cast, 1 mil « 59 1.9 

Potyityrene, oriented, 1 rail .63 2* 4 

Polyethylene-cellophane, 1 miVl95 

MS 1.05 3.9 

Saran, 1 mil 1.08 6.6 

Polyvinyl chloride, extruded, 1 mil. . .55 2.6 

Cellulose acetate, extruded, I mlL . , . .74 3. 4 

GlaMine, bleached, 25 lb .26 1. 5 

Pouch paper, coated MS 25/29 .52 3. 5 

Waxed paper, bread wrapper, 39 lb . . .23 2.1 

Aluminum foil, 0»00035 in .61 2.2 

Aluminum foil, 0«001 in .56 5. 5 



• Price* are ba««<! on itandard or biik rnater^ali and large orden. 
Maajr rariationi eiUl for cradra. irp*^ eoLibinatk^ni, and prkvi. 

^MS indkatea uoUlure proof and beat aeaUng prop^rlUi. 

Source: Modern Packaging Kncytiopedia. William C. Sim ma, ed. 
Vol. 40. No. ISA. New York. NIcOrawHiU, loc, SepUmber 1967. 
879 p. 
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8i>arkling iransparcnc) , \^liicli favoM it in uses 
where gooi! appearaiiee of the paekage <lesire<!. 

Despite these atlvaiitagea, eelloplianc use in 
packaging has been slo%\l/ (lecliuing. Production 
in 1966 was 395 million pounds, down from i39 
mUHon pounds in 1960. This material lias been 
giving way to monohtliic plastics and eombina* 
tions of plastics as the producers of these materials 
have deve)of)ed flexible packaging whieh dupli- 
cates cellophane pro[>erties at competitive costs. 

The decline of cellophane in packaging should 
continue for some years to come as competing 
products are improved, gain in volume, and de- 
cline in cost. We expect the decline to be taking 
place at a rale of 2 percent |>er year, resulting in 
a 1976 production of 320 tuillion pounds. 

Molded Plastic Containers 

Plastic materials weighing 882 million pounds 
were converted into molded plastic containers in 
1966. These containers are generally rigid or 
semi-rigid. The basic configurations are: bottles; 
formed containers such as blister packs, tubs, 
trays, plastic foam pro<lucts, and the like; tubes; 
and plastic closures. 

On a tonnage basis, formed containers rep- 
resented the bulk of total consumption in 1966 
in this area or 51 |>ercent, followed by bottles 
(31 j>er€ent), closures (9 percent), and tubes (3 
}>ercent). By 1976, the relative dotuinance of 
these configurations will have changed somewhat, 
with bottles taking on the lead, formed containers 
having drop[)ed to second place (Table 51, 
Figure 23). 



TAOtK 51. — Cmsurnption of formed and moidal plashes by 
type: 1966 and 1976 
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Source: MiJwc«l Hr«farch institute. 



Ilaeh basic eonfigurational category will he 
discussed in detail below . Plastic foams, although 
usually included under formed containers, are 
di.-^cussed separately, so that the special charac- 
teristics of this application area can be treated 
more ade<pfately. 

fhrmed Containers 

Formed and molded containers have been 
quite successful and have enjoyed the high grow th 
rates of other plasties in packaging. Fron ^ H 
to 1966 the consumption of plastics in < 
packaging rose from 61 million pounds t 8 
million pounds — an increase of 780 perct m 
the period (Table 42). 

Formetl containers are usually produced from 
sheet material by thermoforming. In this process, 
iieated sheet materials are shaped by mechanical 
pressure and/or air pressure into a die to give 
tlie material a specific configuration. More 
recently, cold forming techniques have also l>een 
applied suecessfuliy to certain types of pUstic 
sheet. 

There are several common formed and molded 
configurations. One of these is the blister packs 
in which plastic sheet forms a pocket around a 
product. The pocket Is preformed and then sealed 
to a paperboard backing sifter filling. (A form 
related to this is skin packaging in which the 
plastic, usually film, is shaped to the contours 
of the pro<htct and is then tightened by shrinking 
to hold tlie prmluct tightly.) Another common 
configuration category is open mouth boxes, tubs, 
and baskets for cottage cheese, margarine, berries, 
and so forth. Usually, the lids for these containers 
arc ma^le of fomisd plastic also. Trays and in- 
serts are produced also from formed plasties. 
These items are most familiar as meat trays, 
vending machine tray.s and inserts to fit injection 
molded containers. They also show up as dis* 
posihie items in hospitals, restaurants, schools, 
and other institutions. 

Formed containers are low in cost, often com- 
petitive with pulp and paper; permit high 
prodnclion speeds on relatively simple equipment; 
provide good product protection; and are effective 
merchr'^ndising tools. Formed containers, especially 
blister packs, are used to package many items 
which were shelve<l without packaging in the 
recent past. Formetl packages have the rigidity 
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ami display foahiren of roldirig cartoiii^, the liglil 
weight «^ml low c<3sl eharacteristics of pouehcd. 
They are usually trani^parcntt and ean he dec- 
orated readily for di.sphiy purpos^es. 

Tlie doininant material ii^ed for fprnied plasUc 
eonlainerd is polystyrene. In its diffierent forms, 
it accounted for nearly 80 percent of the total 
pla^tic!* use<l in formed and molded containerd 
in 1066. (This category cvchidcs bottles.) Poly- 
styrene is preferred hecanse of its relatively low 
cost, good forming eharacteristica, and excellent 
perfonnance as a package material. 

Most forming technology is based on forming 
heate<l sheet by vacuiini or pressure (or a com- 
bination of these) to achieve the package shape 
desired. Sheet thickness ranges from 4 to 10 mils. 
Thermoforming molds arc relatively low in cost 
in comparison with injection molifs and, there- 
fore, thermoforming is usually favored where 
it ean be used. Considerable scrap is produced 
during the thernioforniing process, and many 
converters augment their sheet purchases by using 
their own extrusion equipment and recycling the 
scrap. 

Recently there have been advances in forming 
technology which improve the methods of heating 
and cooling llie plastic sheet and also permit 
automation of thermoforming sequences. 

Although polystyrene is the dominant material 
used at present, other plastics are receiving in- 
creased attention. One application where other 
resins already compete with polystyrene is in 
packages for soft margarine, a* food product that 
has become very popular in the last two years. 
An eslimatid 6S0 million half-pound tubs were 
sold in 1967, with a material breakdown as 
follows; 

^fimon 

uniti 



High dcngUy polyethylene 400 

Acrylonitrile butadiene styrene (AUS) 160 

Acrylic miihlpolymer, 30 

Aluminum. , , . , 60 



Total 650 



These containers are typical of the "deep draw'* 
type, now possible in forme<l plastics, and repre- 
sent significant competition in a field which has 
been the traditional preserve of paperboard. 

Acrylonitrile butadiene styrene (ABS) has 
attracted considerable attention recently because 



it can be cold-formed on mctalworking machinery 
to yield a package of uniform wall thickness, high 
impact strength, and good strcss-cri^ck resistance. 

Polyethylene, because of its relatively low price 
and good forming characteristics, is also becoming 
a significant factor in formed plastics. 

Outlook: There is considerable activity in 
forming and fabricating technology of plastic 
sheet materials. New approaches are imder devel- 
opment — for example, continuous processing from 
resin to finished product — which promise con- 
siderable prmluction versatility at low cost. Un- 
fortunately, the information available about new 
technology in this area is quite sketchy, since 
these are proprietary developments not yet 
secured by patent positions. Individual companies 
have not publicized their activities for competitive 
reasons. Our industry contacts indicate, however, 
that these developments will be of significant 
impact and will have considerable packaging 
potential, particularly in competition with present 
paperboard packaging. 

Targets of these new forming developments are 
package markets now held by paper and paper- 
board. The recent success of plastics in dairy 
products, for example, is only one area in which 
plastics will be much more competitive in future 
years. Other food products, of course, have been 
and will continue to be the competitive goal of 
formed plastics. Nonfoo<l products are also getting 
considerable attention. For example, fabrication 
of shipping containers to replace cornigatcd paper - 
board has recently been introduced (in addition 
to shrink wrap already discussed). This is done 
by using conventional box-making techniques; 
reusable as well as single-use containers can be 
made in this way. While cost is a major deterrent 
at present, this type of formed and fabricated 
container is representative of the many possi- 
bilities which exist in nonfood packaging, 

St}renes and polyolefms will be used in the 
greatest volume in the future. vMthough styrenes 
now account for about 80 percent of the consump* 
tion, they will likely take a somewhat emaller 
share of the total in the future as the polyolefms 
are adapted to formed and molded applications. 
In additiofn, there will be continued use of other 
types of materials such as ure thanes, cellulosics^ 
and methacrylates; none of these, however, 
appear to be headed for 8id>stantial volume use. 



ERIC 



IN SOLID IVASTB MAtXAGEMENT 



81 



On a quantity basis, we cxpecl constnnption 
of fornietl plastic containers of lA bilMon poun4ls 
of resins in 1976, corresponding to an annual 
growth rate of lU percent for the perioil. 
Phstic Foams 

Tlic forecasts given for formed and inolilcil 
container* inclnde plastic foajns*, which have been 
used in an increasing array of applications in 
recent years and have become familiar in plastics 
packaging. The reasons may be found by listing 
foam characteristics which have made them adapt- 
able to package applications. Foams have: 
—Low density— in the range of 1 to 30 pounds 
per cubic foot. White foam packages are 
usually somewhat bulky, they have good 
8lrength-to. weight ratios and usually weigh 
less llian equivalent conventional materials 
such as wood or container board; 
— Shock absorbency (or energy absorbing) 
capability; 

— Oood thermal insulation properties; and 

—Chemical inertness and low water absorbenc^. 

The resins commonly used for plastic foams in 
packaging are polystyrene, polyureShanet and 
polyethylene. Two other materials— styrene aery- 
lonitrile and polyvinyl chloride — have also l>een 
used in very limited quantities. By far llie most 
common today are the atyienic foams which ac- 
counteci for about 10 percent, 46 million pounds, 
of formed and molded plastics in 1966, compared 
wiih 8 million pounds of polyurethan^. The poly- 
styrene foams are generally favored because they 
are much lower in cost than other foams and are 
adaptable to a variety of packaging applications. 

Foams may be formed by molding, by fabri- 
cation from slabs, and by thermoforming from 
sheet. They are also combined with other ma- 
terials like paper, papcrboard, and other plastics 
by laminating. 

Probably the most familiar foam proilucts are 
packaging components such as molded shapes to 
protect fragile instrunients, machined parts, 
glassware, and military hardware; cushion in- 
serts; pads, and loose fdl or dunnage. However, 
foams are also used for cups, trays, shipping 
crates* and other types of containers. For ex- 
ample, meat trays— used at the rate of about 9 
billion units per year — were long the exclusive 
domain of pulp and paperboard. In 1966, thermo- 
formed polystyrene foam trays accounted for 



about 18 percent of the unit volume and were 
expected to take up to one-third of this market 
by 1968. 

Despite often optimistic forecasts for plastic 
foams in packaging, they have not been adapted 
to packaging applications as rapidly as predicted. 
The technology of forming is relatively well 
developed. However, there has been a lack of 
balance between foam supply, processing equip- 
ment, and molding capacity. Also, peripheral 
techniques such as printing and labeling have 
only recently become available on the cost basis 
needed for competitive purposes. In foam sheet 
production, there must be a fairly high degree of 
process integration because thernioforming pro- 
duces considerable scrap. This scrap must be 
recycled to minimize disposal costs and raw ma- 
terials losses; this has discouraged manufacturers 
from setting up in-plant packaging machinery; 
conversely, foam sheet extruders have been reluc- 
tant to get into consumer package fabrication. 

In addition to these problems, tlie packaging in- 
dustry has had no compelling reasons to utili^e 
foams extensively. And foam producers have not 
gone directly to packaged product buyers to sell 
the virtues of foam packing and packages. 

One of the significant support areas has arisen 
from a package specifying source within the gov- 
ernment— w here military packaging has been eval- 
uated for performance and cost. In one case, for 
example, the Packaging Development Division* 
U.S. iXaval Ammunition Depot, has specified 
polystyrene foam for certain munitions packaging 
after extensive testing and evaluation. 

Foam packaging is commonly predicted to 
double in volume in the next five years. This is not 
at all unlikely since this advance would be from a 
relatively small base. Furthermore, rapid accep- 
tance in a few applications would add to the 
volume significantly. For example, complete dom- 
ination in meat and produce trays would require 
nearly 200 niiition pounds of polystyrene foam a 
year. Kgg cartons and fresh produce shippers are 
other products likely to be made of foam plastics 
in the years ahead. 

The price relationship among foams is likely to 
remain much the same in the foreseeable future as 
it is toilay; thus, polystyrene will continue to be 
used in greatest volume while polyu re thane, poly- 
ethylene, and other foams will be used in specific 
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tsiliiatious wlirre tlioir |HTforninncc cliaracteriatics 
arc superior. Willi the basic foam teelinology well 
dcvclopcili the iicxl slep* will he in Uie diiecliou of 
prmtiiclioii Betjiienee integration. 

Wc <liil hot attempt to (lislhiguish vohinie Uisage 
of foam^ wilhin I he formed anil molded eontainer 
category. However, assuming iliat lliey will con« 
tinue to have about the same share in llie future, 
foam consumption should reach between 130 and 
200 million pounds in 1976. 

Ptastic Itoltles 

PI as lie bottle pro<luction soared from J.I billion 
units in 1960 to an eslimaled 3.1 biUion vuutf in 
1966. This drainalie increase was acconjpanied by 
rapid changes in bottle-making technology ami in 
endnise markets. 

Polyvthyienet High density polyethylene 
(HI)PM) is tlie dominant resin used for bottles 
lo<lay (88 percent by weight in 1966). llDPli 
reached Bignilicant volume when it was introduced 
for household bleachet^ and |i(|uid detergents in 
1958. Since then, this material has also been used 
to package various drugs, eotimetics, and toiletries, 
and has gained a small foothold in milk and foods 
packaging as well. 

High density polyethylene has very good resis* 
lance to impact, chemicals, alcohols, and water 
vapor, ll is limited in some applications because it 
is permeable to ovygen and oils and is not available 
in crystal-clear form. Although the price of 
l)ottles has increased recently, IIDPK remains the 
lowest cost resin for blow -molded bottles. The 
long'terr.1 historical trend to lower resin prices for 
bottle |p;rade IIDPK has been from H cents per 
pound in I9.>8 to a relatively stable 20 cents per 
pound in 1967. 

Machinery technology has kept pace with 
resin technology, so that today many proprietary 
Pl'l formulations can be Idow-niofdcd on er[nip- 
ment which is readily availabtc. However, a good 
deal of equipment is custom designed for specific 
applications; and in fact, the development of 
packaging "systems" has licen an important 
factor which has enabled resiii producers and 
packaging companies to successfully enter new 
markets. Conversely, the need to develop new 
in-plant filling equipment has slowed the growth 
of PK Iwttle*. One company recently rejM)ttctl, 
for example, that the |K)lyetliylenc milk lK>ttIe 
market has grown slower than first anticipated. 
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Heason: It has been necessary to de>eiop special 
\oUimetric fdlng equipment to replace the fdling 
equipment already available in most dairies for 
carton or milk bottle rilling; PK bottles cannot be 
fdled witiiout major change of existing systems. 

Polyvinyl Chloride: The Cinderella resin for a 
number of years, PVC now appears on the thresh* 
old of a breakthrough into molded bottle 
markets. In 1966, PVC consumption for bottles 
rose to about 12 million pounds of resin from a 
total of S million or less the previous year! Kesin' 
cons uu)pt ion probably doubled again in 1967, 

PVC is potentially the "ideal'* material to 
compete with glass. It can be made in rigid, 
impact-resistant, crystal-clear form. It has good 
chemical resistance to alcohols and oils, low per- 
meability to ^vater vapor and gases, and isopacjue 
to ultraviolet light. The basic resin is available 
Ll large quantity because it is widely used for a 
variety of non -packaging products, ranging from 
floor coverings to garden hoses and raincoats. 
(More than 2 billion pounds of PVC were sold 
in 1966 for non -packaging applications.) The cost 
of unmodified PVC is about the same as that of 
bottle grade IIDPK (20 cents per pound). How- 
ever, the modifiers required for PVC bring the 
cost to about 30 to 33 cents per pound after 
compounding. 

PVC is blow-molded in its rigid (unplasticized) 
form. For bIow*moIding, additives are nee<led, 
otherwise the rosin would decomiHJse before it 
would melt. The ideal formulation, to date, in- 
corporates stabilizer chemicals that give clarity, 
stiffness, strength, and meet Tood and Drug 
Adm'nistraiion requirements for food products. 
Mo ■ . ier chemicals which achieve one property 
may cause deterioration of another. Vot example, 
modiliers which give the high strength and ini> 
pact resistance dcsircci may lea\e the finished 
product somewhat cloudy or hazy; a crystal -clear 
formulation may lack the strength or barrier 
properties needed. 

I DA approval has htcn given for a propylene- 
modified PV(^ fosin for fcx)ds. Dioctyl tin, how- 
ever, is the modifier which producers hold out as 
the coni|K)und able to give both the strength 
and clarity desired. The major drawback of dioctyl 
tin is that it influences the prcducl taste; another 
is that a heavy rnctal is potentially a toxicity 
risk. Ncmetheless, several conq>ounds have been 
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dubmitted to FDA for approval for food products 
and FDA approval for one company*8 dioctyl 
tin modifiers was granted in very early 1968. 

The most likely candidates for PVC packaging 
in food are vegetable oils, vinegar « wine^ salad 
dressings, and seasoning products/Nonfood prod- 
ucts include toiletries and cosmetics (hair lotions, 
mouthwashes* shampoos/ etc.) and chemicals 
such as household cleaners. 

Some packaging companies have a large stake 
in PVC» and volume production is expected to 
develop in both food and nonfood applications in 
the next few years. A series of interrelating tech- 
nologies will be combined to bring about accept- 
ance of PVC. This includes the combination of 
complex formulations, molding techniques* ma- 
chinery design, and product/package performance 
characteristics. 

Since polyethylene has led the way in molded 
plastic bottles* the existing blow*molding tech- 
nology has aided other resins used for bottles, 
for instance* polystyrene. Some resins^ however, 
cannot be formed on PK equipment; one of these 
is PVC. Most of the PVC blow-molding capacity 
is in the form of proprietary in -plant machinery 
owned by major resin suppliers. Assuming that 
P\^C is accepted in food packaging applications 
on a limited scale, exploitation of the potential 
will have to await availabitity of machinery to 
turn out the billions of units which might be 
demanded. Thus, in the short run* lagging forming 
technology may delay PVC acceptance on a wide 
scale; but in the long run PVC should estahliah 
itself ai second only to polyethylene in the bottle 
field. 

Polystyrene and Polypropylene: Polystyrene lias 
recently been used for bottling analgesics and 
bouillon cubes. This plastic is clear* rigid, and 
has a high heat distortion temperature. It has 
relatively poor barrier properties compared to 
other plastics* however* but will likely find 
increased use in pro<lucts which do not require a 
high degree of water, gas, and oil resistance. 

Polypropylene is another promising material for 
bottles, being potentially competitive with both 
IIDPE and PVC. It has high impact strength, 
stiffness, durability, chemical resistance, good 
barrier properties* and good cl irity; but it is more 
costly than high density polyethylene. Compara* 
tive data for the various resins used in bovtles 
are ^ivcn in Table 52. 



Otitlook: In M<^ral there will be continued 
spectacular growth in the number of plastic 
bottles used. From a materials standpoint there 
will be a variety of proprietary resin form da- 
tions available, designed for specific performance 
requirements. In addition, long-term price trends 
will favor plastics vis»a-vis other materials. For 
example, long term supplies of ethylene, the basic 
source of polyolefins, are usually obtained under 
a negotiated contract and are based oi^ long-term 
raw materials supplies. The capacity of some new 
plants being built is in the range of 500 million 
pounds annually* and packagers are able to enter 
raw material contracts or assure themselves of 
captive capacity at relatively stable raw material 
prices. 

Bottle production technology will continue to 
depend partly on proprietary machinery design 
and packaging "systems" for specific product 
applications. Resin suppliers and packaging com- 
panies have supplied m^ch of this technical 
service to achieve entr^-i^to the specific markets. 
While some machinery technology deficiencies will 
develop as large volume markets open up to 
plastics* they will not retard the overall expansion 
of plastics in volume production^ 

In some cases, new marketing approaches will 
be used by companies to introduce new products. 
For example, one company is using a **pay as you 
package" approach in marketing returnable 
plastic milk bottles. In this plan, the bottle buyer 
is not required to make the substantial capital 
investment in equipment required to change over 
from glass to plastic bottles. Instead* the bottle 
supplier provides the entire packaging system and 
charges the dairy a single fixed charge per unit 
filled. 

To determine the extent to which plastic 
bottles would be used in 1976, we attv^mpted to 
establish the most probable volume by end use, 
taking into consideration both the competitive 
factors and technological advances likely to 
take place during the 1966 to 1976 perio<]. In 
general, however, high density polyethylene resin 
formulations will continue to dominate materials; 
PVC is expected to gain substantial volume in 
the next few^ years. By 1976, total resin consump- 
tion for bottles should rise to 1.7 billion pounds 
compared with 300 million pounds in 1966. Of 
the 1976 production* high density polyethylene 
will account for 1.1 billion pounds, PVC for 300 
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miIiior)» and other resins such as polystyrene, 
polypropylene, aerylie^^ ionomer* and plienoxy, 
for another 300 million poiinds (Table 53). 

Speeific end*uae markeU are disciused next. 
Plagtic bottle produetion for these markets is 
shown in Table 52. 

Chemicals: The overwhelming number of plastic 
bottles used to package chemicals will continue 
to be high density polyethylene; however PVC 
win show a significant vohune increase in the 
next decade for certain household chemicals such 
as cleaners ^nd wax. 

The markets for plastic bottles for household 
and industrial chemicals are maturing now and 
arc not expected to grow rapidly in the next 
decade/The primary reason for this is that the 
markets for plastic bottles in household bleaches 
and liquid detergents are nearly saturated. 

Automotive Packaging: In the automotive and 
marine categories« substantial growth will take 
place as high density polyethylene and poly- 
propylene enter volume production for one quart 
motor oil containers. We expect plastics to capture 



40 percent of total units shipped by 1976. In this 
area, plastics will displace a considerable portion 
of paper composite cans; these have about 60 
percent of the unit volume today; the balance 
is held by steel. Kven^,this optimistic estimate 
for plastics in.>oil packaging could be somewhat 
low if material costs come down more rapidly in 
relation to steel and paper composites. 

Although polypropylene is suitable for some 
foods and nonfoods, perhaps its greatest promise 
is in motor oil cans. So far, problems of cost and 
can strength (rigidity) have kept plastics out of 
oil packaging, except for premium products. 
However, an extruded polypropylene can ho.s 
recently been developed. The can is stiff, and can 
be produced rapidly* 

Another factor which will favor plastics in oil is 
that major petroleum companies have captive 
resin capacity; some companies also operate 
packaging divisions. the cost differential 
between plastics and composite and steel cans 
narrows, these companies will be the first to make 
the switch to plasties. 



Table 53. — Shipments of blotv-motded plastic bottles by end use and resin: I960 to 1976 

In miUjooi of unit* ind niiljiont of pouDdt 



CUMification I960 \%\ 1962 1963 \96\ 1965 1966 1970 1973 1976 



Bottles by tnd uw: 

IlouMhold and indu&lrlal 

cbe^nicaU.. {•) (•) (•) 1,351 1,519 1,659 1, 740 »>2,360 »'2,680 »>3,000 

Bleach 

Deiergeni, liquid.. . . 
Dcy cleaners, other. . 
Indufitrial chemicals and 
special! ie« 

700 1,000 1,500 

Medicinal and healih (•) (•) (•} 142 143 265 288 510 810 1,100 

Food... (•) {•) '22 «51 "91 <^ 6S 700 <»4,200 1, 770 

MiJk, liquid (0 (») (*) (») (•) 74 1,400 2,910 6,140 

1, 480 2, 500 3, 430 
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(') 


(•) 
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(0 
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416 


525 


579 


769 



Toial units 


1,100 


1,700 


2,100 


1,989 


2, 364 


2,723 


3,112 


7, 180 


11,130 


16, 940 


in by type: 
























65 


130 


170 


194 


223 


262 


289 


550 


800 


1, 100 


PVC 
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(•) 






(*) 




12 


125 


210 


300 







(•) 


(») 




(0 


(•) 


3 


55 


140 


300 




65 


130 


170 


195 


227 


270 


301 


730 


1, 150 


1,700 



■ Not available. Source: V, S. D*p«T!iiirnt of Commfrc*. Burr *u of ihe C*niU». l*la»tic 

Total household «nd induiiHil chemictN. boulet. Current fn</uHriaI Reportt. S«rir» M30E(6l-|3)-M3CI'!(65-!3). 

* Jnctudrt milk. W/ thlngU n. O.C., 19fi2'l966. Modtrn Vcfkaging KncytUpt^ia. WitlUm C 

^ E»clui1ea mUk. Simmt, t^, Vol.39. No. 4A, Ntw YotV, VfcGitw.Uill. loc. December 

I96S. S63 p. Focec«iU bj Midwest Keiearcb I tituU. 
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Medicindls: Tlie number of plastic bottles used 
for packaging medicinal and healtli prodiicts is 
expected to quailniple by 1976, from 288 million 
to l.l billion units. Piastics will displace glass in 
many applications. The favored resins will be 
PVC and htgli impact polystyrene, We expect 
that plastics will capture about one-fourth of the 
total 1976 unit volume for glass and plastics in 
medicinal and health products. 

Food$: The use of plastic containers for foods 
and beverages has been modest to date (65 million 
units in 1966). However, we expect that the recent 
FDA approval for tin-modified PVC will open up 
opportunities for PVC in food where polyethylene 
and polystyrene have been unable to achieve 
significaui volume usage. And* while we do not 
foresee widespread use of plastics for (ooA prod- 
ucts, foo<l applications will account for nearly 1.8 
billion units in 1976. PVC now appears to have 
the greatest opportunity in packaging liquid 
cooking oils* seasoning products, syrupst pickles^ 
and the like* New advances in resin technology 
could bring other resins t ito volume use in food 
packaging; among them are polyethylene* acrylic 
multipoiymer, polypropylene, ionomer* and other 
compounds. 

Milk: The success or failu"* of plastics in milk 
packagin{; ,/i1l influence future volume consump- 
tion of resins for bottles in a significant way. In 
1966* milk packaging was a 26.5 billion unit outlet 
for all containers; of this* plastics held 74 million 
imits or less than three-tenths of 1 percent. By 
1976, plastic will probably have captured about 20 
percent of the total unit requirements in milk 
packaging, mostly in 1 gallon and half gallon 
containers. In addition, returnable plastic con- 
tainers ere likely to satisfy a substantial percent* 
age of the remaining 5 billion milk fillings now 
going to glass annually. 

Tliis forecast is made on the basis that tech- 
nological advances will solve the container filling 
problem soon. We also expect that special market- 
ing strategies will be used by bottle makers to 
make change-over for dairies financially attractive. 

High density polyethylene will most likely be 
the resin used for milk containers. If a significant 
market for returnable plastic milk containers 
develops, it is likely that polypropylene would al^o 
find a place iu milk packaging* 

Toihtrie^ and Cosmetics: Tlie use of plastics for 
toiletries and cosmetics is already w^ell established. 



In the 1966 to 1976 period* plastics units used in 
this application category should quadruple (from 
769 million to— 3.4 billion units). PVC bottles are 
expected to become much more important in 
toiletries* althoagh high density polyethylene and 
other resins are likely to be used in substantial 
volume also. The products most likely to be 
packaged in plastica are hair oils, shampoos^ 
creams* and rinses. 

Tlie net result of our analysis indicates that 
plastic bottles will be one of the more common 
sights on retail shelves in 1976. Both the number 
of units ^old and the weight of plastics consumed 
will be more than five times greater than com- 
parable 1966 figures. Consumer acceptance of 
plastic bottles is well established* especially in 
nonfood items, and the increasing sophistication 
of resin technology will enable packaging pro- 
ducers to custom-design packages for each 
product. In additiv^n* many producers will have 
the capability to design* install* and service mold- 
ing equipment and filling equipment used with 
their resins. 

Our forecasts do not include more than negli- 
gible plastics use in beer and soft drink containers. 
Recently* there has been ccnsiderable excitement 
over the fact that certaia (unnamed) plastics are 
being test marketed for both beer and soft drinks- 
To compete successfully against glass and metal* 
plastics have to perform a number of functions- 
hold pressure* not affect taste in any way, accept 
decoration readily* handle rapidly* stack well, etc. 
Plastics can meet these requirements today, but 
not at a coat competitive with metals and glass. 
Present plastics technology has not advanced far 
enough to make plastic a threat to traditional 
materials. 

It has been noted in other sections of this report 
that metal and glass technologies are advancing 
significantly* Very rapid advances in technology 
and machinery capabilities woidd be required to 
make plastics attractive on the broad scale basis 
that glass and metal containers now enjoy. Resin 
costs would also have to decline fiirther. However, 
it shouhl also be noted that beer and soft drink 
companies are innovative packagers; should con- 
sumer reaction fave>r plastics, even at a premium 
price, rapid technological development is possible. 
Our evidence indicates, however, that steel* alumi- 
num, and glass will be the materials used for beer 
and soft drink packages in the next decade. 
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Phstic Closures . * 

In 1966, 10.4 billion plastic closures were used 
tor all types of containers. Of these, 5.5 billion 
were for glass; 2.7 billion for plastic; KO billion for 
metal containers; and 1.2 billion for metal tubea. 
An estimated 85 million poi^nils of various resins 
were used for closures in 1966, including sueli items 
as plastic gaskets and cap liners. Of these, 34 
percent were tlieVmoset compounds (urea and 
phenolirg); and the balance, tliermoplasttes, such 
as polyethylene* polypropyleae> polystyrene, and 
vinyls. 

Closures are made by injection moldings and 
there are relatively few con(iguration limitations 
in making them compare with metals. Special dis- 
pensing caps, safety caps, and other special styles 
are likely to continue to proliferate and show rapid 
growth. In addition, the rapiil growth of plastic 
bottles almost assures a similar growth of pJastlc 
closures. 

We have forecast a total plastic consumption of 
210 million pounds for closures in 1976. The ther- 
moplastics will take an increasingly larger share 
and w ill most likely represent aroimd 80 percent of 
the total in 1976; the thermosets will thus decline 
to about 20 percent of total plastic closjres. 
Although the great bulk of resin volume will go 
into caps for glass, metal, and plastic containers, 
about 10 percent of the resin by weight will end up 
in cap liners and jar liils made of vinyls. The vinyl 
cap liners and jar lids are rapidly displacing cork 
and rubber and will continue to do so for the nevt 
few years. The outlook for plastic closures, then, 
is not unlike that for other plastic packaging 
configurations— very favorable. 
PtasUc Tubes 

Plastic tubes consumed an estimated 15 million 
pounds of resin in 1966, compared with 3 million 
pounds in 1963. In 1967, an estimated 20 million 
pounds were used for tubes, accounting for 18 
percent of the total unit volume in tubes. There- 
fore, during recent years, plastics have taken away 
much of the potential growth of metals, such as 
atuminum^ used for tubes. 

Low density polyethylene accounts for over 80 
percent of the resin consump tion, but more expen- 
sive resins such as polypropylene and ionomer are 
used because they offer better clarity a id product 
protection. 



Plastic tubes are presently being used primarily 
ui toiletries and cosmetics (shampoo, hair creams)* 
However, the volume market in tubes is now in 
dentifrices and potentially in pharmaceuticals. 

Tlie outlook for plastics in tubes is for con tinned 
growth. Plastics will appear both as the single 
material of which tubes are made and also as com- 
ponents of composite tubes. Composites are now 
beginning to appear. One material combination 
already in 8ervic45 is a fourdayer composite tooth* 
paste lube (Vote) for polycthylcne/paper/foil/poly- 
ethylene. The tube is lower in cost than either 
metals or plastics. It protects tlie product and is 
tough and highly printable. Thus, for certain 
products, at least, it appears to fulfill the com* 
petitive criteria necessary to make it a significant 
breakthrough in this type of container. 

We have forecast a total consumption of 40 
million pounds of plastics in tubes in 1976 (or 
about 450 million units). This is a growth rate of 
about 10 percent per year. Both metals and com- 
posites (using plastics) are expected to be com- 
petitive with plastics on a cost and performance 
basis* and the most probable outlook is that none 
of the^d will have a dominant position in collaps- 
ible tubes. Low density polyethylene resin com- 
pounds should account for the greatest volume in 
plastic tubes, although the other types of plastics 
such as polypropylene and ionomer are likely to be 
used in increasing volumes. 

WOOD 

Wood is a traditional packaging material but 
represents only a minor segment of all packaging 
materials today. In 1965 wood products accounted 
for 4.2 percent (1638 million) of all dollar ship- 
ments of packaging materials and 8.6 percent (7.9 
billion pounds) of the total weight of all packaging 
materials. 

Most wood containers are used for agricultural 
and industrial packaging — fruits, vegetables, and 
poultry; and plumbing, castings, auto parts, 
machinery, chemicals, and so forth. A few^ wood 
containers are used in consumer packaging — 
cigar boxes, berry boxes, hohday gift boxes, and 
the like. 

Wood containers are used primarily because of 
their relatively low cost and high strength. They 
often go through several cycles of use before they 
are discarded. For example, the boxes in which 
fruit and vegetables are shipped from one part of 
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the counlry lo another may be resold at the dcd- 
tination to local truck farmers uho uill use them 
for their produce. 

Wood is usually used in its natural 8tatc---it is 
seUlohi coated or che?nica!ly altered, and it is not 
likely that woo<l eontamers will be nioilified in 
such ways in the future. 

There are four basic types of wooden containers: 
(1) nailed wooden boxes, (2) wircbound boxes, (3) 
slack and tight cooperage (barrels), and (4) wood 
veneer. Table 51 and Figure 24 summarize our 
forecast in each of these categories. Table 55 
presents the same data in detail. 

Nailed Wooden Boxes 

Most of the wood which ends up in packaging 
is used m nailed wooden boxes. In 1966 nailed 
wooden boxes accounted for consumption of 6.6 
billion pounds of wood. 

Tablb 54. — Consumption of wood in packaging by end use: 
1966 and 1976 

Quanthy (in milliofu }0-ft»T 

„ of pounds) rate of 

Eoduse — cUoge 

Ac lull— Forec«»t— * (percent) 
1966 1976 

Nailed Kooden boxes 6,560 7,320 1.1 

Wircbound boxea 1,260 1,260 0 

Slack cooperage 56 25 —7.7 

Tight cooperage 176 205 1.5 

Veneer packages 66 35 —6.2 

Total 8,118 8,845 .9 

.. _ , .,- .. . ^ . _ . — — L „ =a 

Sowce: Midwcvt Rr»e«rch Io»titute. 



These containers come in many sizes and 
strengths as indicated by the variety of purposes 
for which they are commonly used: fruits and 
vegetables, cigar boxes, secondary containers for 
milk and beverage products, and industrial 
produttc^. 

Military requirements have given rise to new 
packaging techniques involving wooden boxes. 
Recently, wowl boxes have been combined with 
internal cushionings of molded polystyrene foam. 

There is a trend toward larger size, semi-bulk 
containers. Tliese containers will probably make 
more use of plywood than of solid board; al* 
though where rough handling is expected or 
heavy protection is needed, solid board will still 
be used. 

New assembly techniques have been developed 
which utilize metal braces mstead of nails. The 
container is shipped unassembled to the packager 
who assembles it in his plant. 

Plastic is the chief source of competition for 
nailed wooden boxes. Wooden cigar boxes are 
being replaced with plastic boxes. Polystyrene 
beverage cases are being substituted for the far 
heavier wooden cases, as is true with certain 
agricultural field "tote boxes.** However, there 
is not yet a substantial movement away from 
wood boxes to plastics because wood boxes have 
a long life and plastics are relatively expensive. 
For instance, it would be quite costly for a 
beverage distributor to replace his wooden bev« 
erage carriers with plastic carriers all at once* 



Table 55. — Shipmmts of tcooden containers by type: 1958-1976 
Txp«of eootainet 195S 1^59 I960 1961 

Nailed wooden boxes (millions of board feel) ... 3, 350 3, 700 3, 330 3, 330 

Wirebound boxes (1,000 uoiis) 179, 677 188, 000 185, 000 186, 600 

Tight cooperage (1,000 uoUs) 2,240 2,400 2.544 2,442 

Veneer packages (millioos of square feet) 1,125 1,045 1,025 1,100 



1962 



3, 500 3, 610 

191,080 190,125 

2,205 1,859 

1,089 882 



1964 196S 1966 1970 1973 1976 



Nailed wooden boxes (millions of board feet) 3. 610 3, 710 3, 846 4, 030 4, 165 4, 305 

Wirebound boxes (1,000 units) 196,000 207,000 210,200 215,000 220,000 230.000 

Tight cooperage (1,000 uniu) 2,156 2,260 2.340 2,530 2,670 2.730 

Veneer packages (miUions of square feel) ♦ . . , . 767 650 570 435 350 300 



i^^'fC" '^'^'M^J^l!!^'*^'^' C. Simrn*, «d. Vol. 40. No. MK. New York, McCraw^UiU, Idc^ Se^teintx* 1967. a79 p. /bW., 

Vol. 39, No. 4A. Dec^mlw 1965. 863 p. /iW , Vd. is, No. 3A. NoremW 1964. 833 p. 
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in some mnitary packaging applications, poly- 
styrene molded foam Ims entirely replaced wooden 
boxes* The foam has liigli sliock absorbing capa- 
buiUes, precision molding tolerances, a high 
strengtlMo-weight ratio, and is relatively in* 
expensive to produce. Allliougli it is initially 
expensive, polystyrene foam offers a considerable 
savings in shipping costs because of reduced 
weight. For example, if a wood package weighs 
29 pounds, a jwlyslyrene loam package of the 
same capacity will Meigli only 3 |>ounds. Foam 
is quite likely to displace wood in situations 
where individually packaged items must be 
carefully protected. 

In addition to plastics, nailed wooden boxes 
have felt some competition from corrugated 
containers and wirebound boxes. 

Nailed wooden boxes will have a modest 
growth rate in the 1966 to 1976 period because 
of competition from other materials and forms 
of packaging. The competition will be partly 
offset by new assembly techniques, tighter weight 
containers, and the development of a few new 
markets, such as shipping heavy industrial 
products. Future growth at a rate of l.l percent 
a year is Hkety; consumption will increase from 
3.8 billion board feet in 1966 to 4.3 billion board 
feet in 1976. In terms of Weight, this is an increase 
from 6.6 billion pounds in 1966 to 7.3 billion 
pounds in 1976. 

Wircbou nd Boxe^ 

Wirebound boxes are made from lumber^ ply- 
wood, or veneer, and are bound together by heavy 
gauge wire held in place by steel staples. The 
steel wire makes the boxes extremely strong. 

There is currently a trend toward larger wire- 
bound boxes for use in semi-bulk packaging. This 
means that the average size of wirelx>und boxes 
will increase and more pro<iuct will Ite carrie<l per 
unit. For example, one company has designed a 
200 cubic foot container that can hold 10,000 
|>otmd8 of metal castings. Wirebound pallet con- 
tainers that facilitate handling, stacking, and 
shipping have been developed for industrial items. 

Wirebound boxes arc also being uRe<l more fre- 
quently for pro<lucts that have been shipped 
unpackaged in the past— heavy duty machinery 
and large parts. 

In some applications, wirebound boxes have 
been displace^l by materials such as corrugated 



and solid fiber. For example, the development of 
hot-melt coatings has enabled the wet strength of 
cornigateil to bo greatly increased. Coate<l cor- 
nigateil is now iiseil for shipping ice-packed poul- 
try and has taken away about 30 percent of that 
market from wirebound boxes. 

Even in cases where wirebound wooden boxes 
are not completely displaced by some other type 
of container, the wood in the boxes may be par- 
tially displaced by a different materiah For in* 
stance, a wirebound box may be replaced by a 
container that has a wood frame and sides, paper 
lining, and corrugated ends. 

In terms of total wood utilized in wirebound 
boxes, the demand will be fairly stable. The dis- 
placement of some of the wood by other materials 
and the loss of some agricultural markets will be 
balanced by new markets for industrial products 
and the continued development of larger con- 
tainers. Tn 1966, 1.3 billion pounds of wood were 
used in wirebound boxes, based on an average 
weight of 6 pounds per box. Approximately the 
same amount of wood will be used in 1976, al- 
though tlie tonnage will represent a greater 
number of larger and lighter boxes than are in 
use today. 

Slack and Tight Cooperage 

Cooperage includes all types of wooden barrels 
and casks, either liquid-tight or not. The hoops 
around the barrel may be of metal or wood. 

Liqiiid-tight barrels are usually made of 
white oak, red oak, gtun, ash, or Douglas fir. 
Tliey range in size from 20 to 60 gallons. Tlie 
barrels are used almost exclusively for aging 
whiskey prior to bottling and sale. 

The use of barrels for aging whiskey is a long- 
standing tradition and is unlikely to change in the 
next decade. At the same time, there are no indica- 
tions that liquid -tight cooperage will be used for 
any other purpose in significant vohime. 

In recent years the total number of liquid- 
tight barrels has fluctuated between 2.1 million 
and 2,8 million units a year. Hlie fluctuating de- 
mand is tied directly to the annual production of 
unaged whiskey. 

Between 1966 and 1976, barrel protluction 
should rise from 2.34 to 2.73 million units. This 
increase represents a 1.5 percent annual growth 
rate which will result in a product weight increase 
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from 176 milliott pounds to 205 million pounds 
in the 1966-1976 period. 

Slack cooperage has beett used to ship non- 
liquid products euch as powdered milk and eggs, 
chemicals* sugari salt, nails* glass and pottery, 
soaps, and various foods— meats, poultry, pota- 
toes, apples, fish, and vegetables. The barrels 
may be either unlined or lined with a substance 
such as glue, paraflUn, paper, or plastic fjlm. 

The cooperage industry i$ based on a long 
tradition of craftsmanship and small local plants. 
The Industry has been unable to meet the chang. 
ing demand presented by new merchandising and 
packaging needs. As a result, competing contain- 
ers such as steel drums, corrugated boxes, and 
unitized package forms have taken away most of 
the markets formerly held by slack cooperage. 

Because slack cooperage can compete for only 
a limited number of applications, it is apparent 
that there will be further declines. The decline 
will be at the fairly rapid pace of 7.7 percent a 
year, from an estimated 56 million pounds in 
1966 to 25 million pounds in 1976. 

Wood Veneer 

This category includes wood veneer and ply- 
wood containers, such as pails, drums, tubs, fruit 
and vegetable baskets, berry cups, and other 
w*ood veneer forms. These containers are used 
primarily for food products. The square footage 
of wood used for this type of package has de- 
clined substantially in the last few years. In 1966 
it was nearly 50 percent lower than in 1962 
(down 1.1 billion square feet to 570 million 
square feet). This veneer category excludes ply* 
wood and veneer included in the nailed wooden 
box and wirebound box categories. 

The small Veneer package is rapidly giving 
way to substitute materials and more efficient 
conrigurations. Although tlie bushel basket and 
the small berry basket still have a small share of 
the market, plastic containers, plastic film, paper, 
and paperboard will continue to displace them. 
Weight of all such containers will have declined 
from 66 million pounds in 1966 to 25 million 
pounds in 1976. 

TEXTILES 

The use of textiles as a packaging material has 
declined significantly in the past few years. In 
1958, 918 million yards of textiles were used for 



packaging; in 1966 the amount used had dropped 
to 804 million yards. The decline would have 
been even greater if sandbags for Vietnam had 
been excluded from these figurea.* 

Most textile bags used for packaging are made 
from either burlap or cotion; only a small amount 
of synthetic fibers is used. The use of cotton has 
declined while burlap has increased its share of the 
textile market. In 1958 cotton accounted for 40 
percent of the market and burlap for 58 percent; by 
1963, cotton accounted for only 35 percent of the 
market, and burlap had grown to 64 percent. 

Burlap bags are strong and have good tear and 
snag resistance characteristics. They are used for 
products that need minimal protection— feeds, 
seeds, fertilizers, potatoes^ and the like— and that 
can withstand rough handling during distribution. 

Cotton sacks have a tighter weave than burlap 
bags, and are usually used for products that might 
sift through the looser weave of burlap. Flour and 
rice are examples of products that are carried in 
cotton sacks. 

Textile bags are often collected, renovated, and 
reused. Burlap bags may be reused commercially 
10 or 12 times before disposal. Cotton sacks are 
usually put to a secondary use such as yard goods 
for items like dish towels. 

Textile bags are receiving a great deal of com- 
petition from throw-away bags— multi-wall paper 
bags, plastic>lined paper bags, and plastic bags. 
In general, the throw-away bags are displacing 
the textile bags because they cost less, are strong, 
and provide a vapor barrier. Semi-bulk containers 
such as pallet bins are also competing with textile 
bags for high-volume customers. Sandbags are 
being displaced by woven polypropylene plastic 
bags, which do not rot as rapidly as burlap, are 
resistant to chemicals, and are lighter and stronger 
than burlap. It is likely that polypropylene bags 
will displace textile bags in other uses, and some 
textile manufacturers are even adapting their 
machinery to weave polypropylene. 

Products that are traditionally packaged in 
textile bags are moving in two directions, both of 
which tend to reduce the use of textile bags: first, 
many products are being packaged in smaller 
consumer or **unitK)f-use** sizes which favor 



*Sandb*gi accounted for 9*9 percent of total shipments 
of packaging teitiles in 1966, compared with 5*7 percent 
in 1965 and O.S percent in 196i. 
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plastic or paper packages. For exantpte, 5 pounds 
of potatoes in a plastic bag rather than SO pounds 
of potatoes in a biirlap bag. Second^ in commercial, 
non-consumer uses, extremely large bulk pack* 
aging and shipment arc becoming more ailraclive. 
For example* flour may now be shipped in a rail- 
road tank car to a large commercial bakery. 
Formerly* the same company may have received 
ltd flour in 100'|>otu2d doth sacks. 

In spite of the loss of some of the market to 
other materials* textile bags, especially the very 
functional 50- and lOO.pound sizes for feed, seed, 
and some foods, will still be used in substantial 
quantities for somo time in the future. However* 
it is unlikely that any new high volume markets for 
textik bags will develop to offset the loss of tra- 
ditional markets* n6r are there any recent tech* 
nologicai developments that could lead to new 
packaging applications for textile bags. The com* 
peting materials are simply more suited to modem 
distribution technology* arc belter packages, and 
are less expensive than textile bags. 

We forecast a decline of about 5 peroent a year 
in the use of textiles— from 804 miUton yards in 
1966 to 480 million yards in 1976. In terms of 
millions of pounds of material used* this will be 
300 million pounde in 1976 compared to 503 
miHion pounds in 1966. This decline is consistent 
with the general trend away from reusable pack- 
aging materials. The forecast does not mclude 
bags that may be produced and exported for 
military uses. Table 56 presents an historical 
picture of bag production in linear yards; Table 
57 depicts textile bag end-use distribution in per- 
centage for the years 1958 through 1966. 



TABte 56,—SAipmefUs o/textUei for packaging: 195S-19T6 
In miUkxu of linear yinb 





Tpl«l 


Ye*r 




1958..... 




1959 


... 915 


I960.. 


... 881 


1961.. 


... 847 


1962 


870 


1963.....;...,... 


...860 


I'V't. ............ 


... ou%> 


1965.,......;.... 


... 740 


1966............. 


m 


1970 




1973.. 


... 560 


1976.. 





SoQtctt Modern^ Piichtigtng Kno^oMMTui. WUlUm C. Simnw, ed. 
Vol. iO, No. ISA, New Votk. McGr«ir-Hitf« lac., Sepumbtt 1967. 879 p. 
tor<««tt« by Mklwm RMeuch Institute. 

MISCELLANEOUS PACKAGING 
MATERIALS 

This section is reserved for the discussion of 
those packaging materials that are not strictly 
containers but are better classified as package 
components of various kinds. Items included here 
are (1) palleta and skids, (2) cushioning materiats^ 
(3) connective componenfa such as tapes and 
twine« and (4) coatings or applied materials. Some 
package componenta are treated elsewhere^ among 
them metal strapping, crowns and closures, 
plastic cushioning foams, molded paper used for 
cushioning, and corrugated dunnage* These latter 
items appeared better suited for inclusion under 
the base material discussion either because they 
are made of a single material, because it was 



Table 57»— Shipments oj textile bag$ by end use: 195^1966 

l^erctal of •hipment in ]r«t<lft 



End xue 



I9S8 



I9S9 



I960 1961 



1962 



1963 



1961 



1965 



1966 



Feed.. 38.1 

Potatoes.. 12.3 

Flour 16,4 

Meal ,5,5 

Fertilizer 4. 2 

Seed« 5,8 

Rwe 3. 7 

BcADi, peaa 2.2 

Other (including sandbags) 11.8 

Total textile bags lOO. 0 



29.2 
10.9 
20.7 
5,3 
3.1 
6,7 
4.7 
2.9 
16. S 



33.6 
12.6 
16.7 
6.5 
3.8 
5.9 
5,0 
2,8 
13.1 



3L3 
12.3 
13.7 
7.0 
3.6 
6,0 
3.4 
2,9 
14.8 



30.0 
12.1 
16.0 
5. 5 
3.9 
5.9 
3.4 
3.1 
18.1 



27.4 
12.4 
14.0 

6.7 
5.3 
6.4 
5.2 
3.7 
18.9 



25.9 
13.9 
14.9 
6.0 
5.7 
6.0 
5.7 
4.4 
17.5 



23.3 
15.4 
11. 1 
6.4 
5.2 
5.8 
6.4 
3.5 
22.9 



22.8 
15.0 
10.9 
3.6 
6.4 
5.3 
4.8 
4.3 
26.9 



100. 0 100. 0 100. 0 100.0 100.0 100.0 100.0 100.0 



Soartei VS. Btp^rtiaeot ot Commerce^ BatSncM Mad Oeteam Serrfoe* A<{mMs(/«floi». Coniaintrt 4ti4 Pacioging, /«f/ 1967, 
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difBcult to separate quantities in a meaningful 
manner, or because the technological discussion 
Ay as pertinent to such components and would have 
had to be repeated if these coinponents were 
treated in a separate section. 

In 1966, 11.5 billion pounds of mifcellaneous 
packaging materials were used. Uy 1976, the 
Vohinie should have risen to 17.1 billion pounds, 
registering a growdi rate in excess of 4 percent 
annually in the period. Table 58 summarizes our 
forecasts. Table 59 presents tlie same information 
in considerably more detail. 

Table SB,—Consumf*tim of cuskuming and component 
material by type: 1966 and 1976 

Quantiix (ia mUlioiift Ten'year 
of pound*) rateojT 

■ — — : — — - — — - change 

Actual^ ForrcaBt^ (prrceul) 
1966 1976 



Pallets and skids. 


8.200 


12,300 


4.1 


Sbredded paper for packing. 


49 


50 


0.2 


Excelsior and excelsior prod* 








ucU.V. , . 


78 


70 


"l.l 


Tag stock... 


375 


MO 


3.7 


Tapes..,.;.. 


730 


IJOO 


4.2 


Cordage and twine 


190 


170 


"1.1 


Adbestves. 


600 


930 


4,5 


Wax.,,, 


577 


900 


4,5 


Plastic coatings, polyethyl- 








ene. , 


320 


440 


3,2 




154 


300 


6.9 


Inks. 


208 


320 


4.4 


Total..... 


11.481 


17,120 


4.1 



Souns:: Mklwcat RtMarch iDititute. 

Pallets and Skids 

Distribution technology has contributed to the 
rapid growth in the tise of pallets and skids. 
Many types of unfdled packages ara palletized 
for shipment to the fdling point, among them 
empty soft drink and beer containers. In addition^ 
palletizing of boxes, sacks, cases, barrels^ etc.« 
has also taken on added importance in recent 
years. Pallets and skids have mado their appear* 
ance as an integral part of a package when they 
are attached to bins or boxes. 

Palletizing is used for carrying products from 
the factory^ transporting them to the warehouse, 
and then to the point of use or sale. These units 
can be handled, moved, stacked, and transported 



edficiently. In addition, increasing attention is 
being given to package handling equipment and 
ayatemst including automatic dcpaUetizing« pallet 
loading and automated storage and stacking. The 
emphasis is on **8ystems^' which move a product 
efficiently from factory to end user. 

Most pallets and skids are made from low 
grade lumber; however, metal, inetal*reinforced 
wood, and corrugated units are also in use today* 
A typical wood pallet of 4 feet by 4 feet weighs 
about ISO pounds. Thus, pallets and skids are 
among the heaviest individual tmits used for 
packaging service. They have a long service life, 
but recycling is a function of cos* more than of 
useful pbysical life. For example, a unit v/hich 
cannot be economically returned to its source 
will be disposed of or sold for local use. 

Tlie '^systems" concept in distribution will 
become a much more important factor in the 
next ten years, spurring the use of pallets and 
skids. '^These package components shoidd grow at 
a rate of 4.1 percent annually iii the period, with 
quantities increasing from 8.3 billion pounds in 
1966 to 12.3 billion pounds m 1976. Most of this 
tonnage will continue to be wood, although 
paperboard constructions are beginning to make 
an appearance in volume. 

Cushioning Materials 

A number of the packaging materials previously 
di8cusse<l arc used for cushioning, among them 
are plastic foams, corrugated paperboard, cdlulose 
waidding, and honeycomb k raft paper. On*iy two 
types of materials were singled out for treatment 
here — shredded paper and excelsior. In contrast 
with other cushioning materials, these are used 
exclusively in interior packaging. 

Shredded Paper for Packing 

Shredded paper used to be a familiar packing 
especially for breakables like dishes, glass, lamps, 
and other products. However, it has not been used 
in significant quantity for man/ years now. 
Census data indicate that total rx>nsumption in 
1963 was about 49 million poundi. 

Shredded paper is difUcult to handle, leaves fine 
particles on the product, fibsorbs and holds 
mo'iBture. has poor fungus re^istanc^, can have a 
corrosive effect, and makes unpacking and 
disposal a ^'messy** process. It is, of course, a 
very low cost material and exhibits excellent 
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shock absorption c|ualiticd for product protection, 
tl haa simply lost out to other fomis of internal 
packing which do not exhibit the drawbacks of 
shredded paper* A variety of pads, honeycomb 
papers, corrugated board, plastic foams, and oilier 
special low cost constructions has made shreddetl 
paper essentially obsolete. There is, of course, 
some residual demand for the product and on this 
basis we carry this category in the forecast at a 
nominal 50 million pounds in 1976. 
Excelsior 

Data on excelsior are very limited. It is kno^n, 
however^ t?iat excelsior is being displaced as a 
packaging material hy other products. It has the 
same limitations as shredded paper— it is difTicult 
to handle, *'dust8,*V absorbs moisture, is affected 
by fungus, etc. Kxcclsior, of course, is a very low 
cost material and exhibits excellent shock absorp- 
tion qualities. In packaging, it can be used in both 
bulk form and as the interior stuffing for protective 
pads. Our estimates are that about 78 million 
pounds were used in packaging in 1966; we expect 
1976 production to have dippe<I to 70 million 
pounds. 

Connective Component ^Materials 
Tag Stock 

This paper falls within the ''special industrial 
papers" category of paper. It is a relatively heavy 
grade material (similar to office fde folders) and is 
used primarily for tags. It is thus a peripheral 
packaging material. Tags are usually attached 
directly to a package item — stapled to a box or 
attached in some other manner to an unpackaged 
product. Tags are of courbb usually printed. Knd- 
use data y^ere not available for th?a material. 

Production of tag stock was 375 million pounds 
in 1966. The growth rate for the 1958 io 1966 
period was 4.5 percent per year. However, much of 
this was accounted for by a one-year grow th of 23 
percent in 1965. In 1976, we have forecast pro- 
duction of 510 million pounds based on a growth^ 
rale of 3.7 percent per year. 
Tog}es 

Tapes (gummed and preastire sensitive) are 
used extensively in packaging for a variety of 
applications — liox, carton, and hag sealing and 
bundling: for "stapling" z product to a card; for 
carrying handles on cartons; and a variety of other 



applications including mail packaging. Tape man- 
ufactures have developed a number of tape types 
in the last few years; and there is also a wide 
variety of manual, semiautomatic, and automatic 
equipment to dispense and apply tapes. 

Pressure sensitive tapes in particular have 
become quite sophisticated in recent years as ad- 
hesive technology has advanced. Pressure sensitive 
tapes may use a paper backing or be the fdirt type 
(cellophane, acetate, vinyl, polyester, and glacs 
reinforced). Standard gummed tapes usually are 
kraft paper backed with a simple water activated 
animal or vegetable glue. 

Tape manufacturers have applied their advanc* 
ing technology effectively and the use of tapes in 
packaging is growing rapidly, competing Hith 
stapling, steel strapping, and conventional carton 
sealing as well as with shrink wrapping. 

In the 1958- to 1963-period, the growth rate of 
gummed pressure sensitive tapes was about 10 
percent a year. We estimate that 730 million 
pounds of tape material were used in 1966. Tape 
use should generally parallel the growth of package 
ing as a whole, and we foresee an annual growth 
rate of 4.2 percent per year to 1976, resulting in 
consumption of 1.1 billion pounds in 1976. 

Cordage and Twine 

Selected types of cordage and twine Were 
included as packaging components, primarily the 
hard fiber twines and the soft fiber cordage and 
twine. Hope, cable, fishing line, and some miscel- 
laneous categories were omitted. Cordage and 
twine are made primarily of jute, paper and cotton, 
or manmade fibers such as nylon* They are, of 
course, used for a variety of applications from 
wrapping packages for mailing to baling of agri- 
cultural products. A number of automatic tying 
and wrapping machines are available, but in 
general cordage and twine are associated with 
agricultural uses, and simple hand and semiauto- 
matic tying applications. 

The quantity of cordage and twine declined 
from 198 million pounds to 193 million pounds in 
the 1958 to 1963 pcrmL The soft fiber types (pri- 
marily paper, cotton, and artificial fiber) increased 
by 25 million pounds (from 80 to 105 million 
pounds), but harti fiber twines ilcctined by 30 
million pounds. Hard fiber twine declined from 
59 percent of the total in 1958 to 45 percent in 
1963. We have estimated cordage and twine con- 
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su!U|Uion at 170 million (uhmuIs iu 1976 repre- 
senting a ilccllne of hi i>crcenl |>er year for llic 
len-ycar jierioiL 

Coatings aiul Other ApplLeJ Malcriab 

Tlic malcrials gronjietl in i\m calcgory are u^ed 
in a variety of wayg on a variety of package ly pes. 
Incliulcil Iwrc are ailliOiiivcs, wax, plastic coatings, 
ahtl inks* These material:^ are used primarily on 
paper aiid plastie, bnt tliey may be applied to any 
packaging inaterials— certain types of cans, for 
instaneevurc now seained uitli adhesive^. 

Since tliese uiateriaU are applied as coatings, 
they may alter the performance characteristicd or 
appearance of particular package configurations. 
However, their effect on the package from a dis- 
posal standpoint h often ininor^ and in terms of 
analytic criteria used, the signifieant implication 
of tlie^e material is ttiat they inay discourage 
i»alvage; plastic coated papers, for instance, arc 
virtually unusable witli present repulping tech* 
niques; inks and adhesives are more readily 
processed. 

Adhesives 

A variety of adhesives is tised in packaging, ' 
ranging from common vegetable adhesives to 
resins. Most of the adhesive consumption goes 
into paper and paperboard packaging — for con- 
struction of corrugated board, bag making, carton 
sealing, etc. Adhesives are also used widely for 
applying labels and laminating films and foils. 
There is a constant demand for new adhesives, 
particularly in flexible packaging, where new- 
ma teriais and materials combinations are used. 

The ttends in technology are toward adhesives 
that (I) achieve bonds by heat or by chemical 
reaction and dry instantly; (2) form barriers to 
gases and water; and (3) form stronger bonds with 
less material. The outlook is for a steady growth 
in consumption and continued development of 
new types of adhesives in the next decade, not 
only for paperboard and flexible packaging appli. 
cations, but also for metal can seams, labels of all 
types, and a multitude of other sealing uses. 

About 600 million pounds of adhesives (solids 
basis) were used in packaging in 1966. The use 
of adhesives will grow somewhat more rapidly 
than packaging materials as a whole, primarily 
because conlainerboard will enjoy high growth 



rates and because stnictured films, laminates, and 
ether adhesive using materials will expand rapidly* 
A rate of 4.5 percent per year was used in our 
forecast, putting consumption at 930 million 
|K>unds per year in 1976* 

IVax 

Petroleum wax is used either as a coating or 
impregnation material for paper and paperboard. 
It is used as lOO percent paraffin wax, modified 
refined wax (90 percent wax, 10 percent inotlifiers) 
or as "hot-melt" blends in wliicli the modifiers 
exceed 10 percent by weight* Wax and wax blends 
impart moisture resistance and heat seal prop- 
erties, add gloss, and preserve the surface. 

Petroleum wax has gone through a period of 
rapid cliange in recent years. Its traditional uses 
have been as a coating for milk cartons, wrapping 
papers, and paperboard containers. However, in 
1961 polyethylene coatings began to displace 
wax for milk carton coating and by 1963 the 
volume of wax used for milk cartons had dropped 
by two-thirds. Since that time^ new formulations 
using wax have been developed— In particular 
the hot-melt formulation for coatings and ad* 
hesives for paper, foil, films, and paperboard 
packages. In this new role, w^ax is a highly refined 
component ingredient. Meanwhile^ the 100 per • 
cent paraffin coating is rapidly becoming a relic 
of the past. 

From a volume standpoint, wax is now in a 
turn-around period. After a rapid decline, wax 
use in packaging should grow in the 1966 to 1976 
period at a rate of abput 4 percent or more. 
By 1976, a volume of 900 million pounds of wax 
in various forms is likely, up from 577 million 
pounds in 1966. 
Polyethylene €^itnga 

Polyethylene made its most significant entry 
into packaging in 1961 when it was first used 
commercially on a widespread basis for coating 
paperboard milk carton blanks. As noted in the 
discussion of wax, it was accepted immediately 
and volume grew rapidly. Its entry was based on 
a rapidly developing extrusion coating technology, 
improved resin formulations, and a declining 
price trend which made it cconomic.il for use on 
high volume commodity type packages. 

Polyethylene is used as a coating to alter the 
characteristics of the substrate. It imparts barrier 
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properties to ihc stihdlrale, particularly moisture 
resiatance* Polyethylene is also used for its heal 
sealing properties, visual appeal (gloss, shine, 
clarity), and durability. 

Virtually alt polyethylene used for coatings in 
packaging is low density ploy ethylene applied by 
extrusion coating techniques « Paperboard ac» 
counted for about 58 percent of total polyethylene 
extrusion coating* or HO million pounds \n 1966 
(Table 60). Other svibstrales— paper, film, and 
foU--are becoming more hnportant* 

The use of polyethylene coating resins expanded 
spectacularly from 1958 to 1965— from 38 mtlUon 
pounds to 300 million pounds. In 1966 it increased 
only another 20 million pounds^ almost all of 
which was for coating paper, plastic films, and 
foil substrates. This sudden change in volume 
growth may be signaling a maturmg market. 



Table €^.—Con$umpHan of potyethylene extrusion cwitings: 
1962, mi, Qnd 1966 



SubMrate 


1963 


1064 


1966 


Paper: 


12.5 

n.9 


12.0 
31.0 


20.7 
49. 1 






43,0 


69. B 


Pa|>«rboarcl: 

MiMt cartons. 

Other — dairy^ bakery, frosea 


77.7 


127.5 
26.7 


U8. 0 
31.^ 




86.5 


154. 2 


179.2 


Filing: Meat«» cheeae, hoiMn bag8> 
dried fruits, nonfood, and nii«* 


2L8 


36.9 


37.9 


Foii: 

Food 


3.7 
10.2 


6.0 
10.0 


15,0 
14.6 


Total foiL . - 


13.9 


16.0 


29.6 


Other: 


0.8 


5.2 


3.5 




1S3.4 


255,3 


320.0 



Soure«; }fod*rn PacUging EfU^op*Jia. WiUitm C. SImnu, ed. Vol. 40, 
No. ISA. New Yock» McCfftw-ffai, Inc.. Septeczkh^v 1967. 879 p. Ihid., 
Vol 39. No. 4A, D<ccEnb«r 1965. 863 p. itid.. Vol. SS. No. 3 A. Nortmbw 
1964. 833 p. 



Plastic rdms and other plastics are competing 
for end uses served by polyethylene coaled ma- 
terials; thus, polyethylene as a coating competed 
against itself. Paperboard, the prime User of PE 
coatings^ is no longer the growth market it was in 
recent years. For example, albplastic milk bottles 
are beginning to be a factor in milk packaging, 
and with wax coatings virtually displaced, this is 
a mature market for polyethylene. Polyethylene 
also finds itself in competition with hot-melt 
waxes, polyvinylidine chloride (Saran), and coat- 
ing materials for other types of paperboard pack- 
a^ing, e.g., frozen foods. 

Coating technology is well established. While 
constant improvements are being made, the great- 
est advances in these techmques were probably 
made in the early 1960*8. (Today the greatest 
advances in plastics technology are coming in 
film extrusion.) The resin formulations are also 
Well developed. 

On the basis of the above, we expect lower 
growth rates for PE coatings than \vere experi- 
enced in the early 1960*8, Our volume forecast is 
based upon a declining percentage of polyethylene 
for coating paperboard but increasing i««e of paper, 
filni, and foil. la 1976, the quantity of polyethy- 
lene coatings should reach 440 million pounds com* 
pared with 320 million pounds in 1966. This is a 
growth rale of 3.2 percent per year for the ten-year 
period. 

Other Planic €o<ti(ng9 

A variety of plastic coatings other than poly- 
ethylene is also used for coating paper, paper- 
board, film, foO, glass, and metal. These materials 
accounted for IS4 million pounds, or one third, of 
total plastic coatings used for packaging. The 
types and quantities of each material used are 
shown in Table 61. 

Although growth of the combined group has 
been impressive, only ethylene vinyl acetate 
and polyvinyl acetate have been increasing in 
volume in the last two years. Some materials, 
like cellulose nitrate and vinylldene chloride, are 
caught up in a declining substrate market (cello- 
phane). Most of the rest are showing little change 
in volume from, year to year. 

We did not attempt to evaluate the "other 
plastic coatmg" resins in detail but have based 
our quantity forecast on a relatively rapid growth 



ERiC 



98 



PACKAGING 



Tablk 6\~Piastic Coatings c*>nsumetl in packaging by type 
oJpMc: 1965, 1966, a id 1976 

la millicmi of pounds 



l>U»ticlyp* 1965 1966 J976 



Polyethylene, low and high density, 
extruded, ... 300 320 410 



Ethylene*vinyl acetate. 18 22 

Vinyl chloride resin (for interior 

coatingd of containers) ........... 15 13 

Alky d, polyester, acrylic, epoxy, 

etc. (for exterior can coatings). ... . 14 17 

Other resins for interior coaling of 

containers (phenolic, epoxy, buta- 
diene, etc.) 6 7 

Vinyl chloride resin on paper, fdm, 

and foil. ...................... , 4 4 ...... 

Other vinyl chloride coatings (in- 

eluding on glass bottles). . 3 3 ...... 

Poly vtQ^ I acetate (dry lb) 15 25 . ; . . /. 

Cellulose nitrate, saran, vinyl 

chloride, etc., used for coating 

cellophane, etc ................. 40 38 ..... . 

Miscellaneous (including polyvinyl 
alcohol, acrylics, low-inotecular* 
weight PE, saran and PE emub 
sions, styrene'but^diene^ etc.) 20 25 



Other plastics, total 135 154 300 



Total...... 435 474 740 



S<)urc«: Modern Piastks^ 4S15):93. Jin. 1968. Midwett Resrarcb 

in the vinyl acetate formulations which are used 
in hot -melt sand modest growth in the other types, 
Prothiclion of these plastics should reach 300 
million poimda in 1976, up from 154 million 
pounds In 1966. 

Inks 

Inks are one of the important groups of ma- 
terials used in packaging. Printing usually appears 
somewhere on nearly every package. It may be 
used simply to label the contents or to sell the 
product by multicolor printing. 

A multitude of advances have been riftde in ink 
formulations and printing techniques in recent 
years. In genera], developments have resulted in 
lower printing costs* improved color and resolu- 
tion, higher printing speeds* and faster drying 
inks. There has been a noticeable increase in the 



quantity and quality of printing in recent years, 
particularly for consumer packaging. An example 
is the corrugated box which was once relegated to 
backroom storage but today very often appears 
on the sales floor pnd is color printeil for attractive 
display. 

Between 1958 and 1963 the quantity of inks 
reporteil as ''container and label inks" in Bui'eau 
of Census reports increaseil at the rate of 7 percent 
per yeai—rising from 122 millioa pounds in 1958 
to 171 million pounds in 1963. Letterpress is 
relatively less important today than in 1958; 
litliographic, offset, gravure, and flexographic 
processes are all becoming much more important 
for packagbig. Another process which has had 
considerable promise but has not yet reached com* 
merical success is electrostatic printing. In this 
technique, ink is deposited on the substrate surface 
by being drawn from a charged plate* 

Package printing will continue to be an area of 
concentrated technological development. The 
continued development of improved inks and 
printing processes will be the key to more wide- 
spread printing applications in packaging. Because 
this IS a highly active field, we have forecast a 
higher growth rate for inks than for packaging 
materials in general. Ink consumption for pack* 
aging and labels is estimated to reach 320 million 
pounds in 1976, up from 208 million pounds in 
1966, a growth rate of 4.4 percent per year. 



Tablk 62.— Tolo/ packaging consumption by type of 
mateM: 1966-1976 



deKripcion 


Ounniiif 
In mwioni ot poafi«ti 


Ten.yetr 
rit« of 


1966 


1976 


chinf« 
(percent) 


Wood 


50,316 
14, 30* 
16,463 
2,199 
. 8,118 
503 


73,850 
16,830 
23,800 
6, 260 
8,845 
300 


3.9 
1.6 
3.8 

11.0 
.9 

-5.0 


Total 


. 91,903 


129,88.5 


3.5 




. 11,481 


17,120 


4.1 




. , 103,384 


147,005 


3.6 



Source: Mniwnt Rmarcfa Ia«tilute. 
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SUMMARY 

Overall, packaging materials, on a tonnage 
basis, will increase at a rate of 3.6 percent an* 
Dually in the 1966 to 1976 periotl. The quantity-^ 
of all materials consumed will increase from 103.1 
billion pounds in '1966 to 147.0 bilJion pounds 
ten year* later, Table 62 and Figure 25 eummarize 
the forecast for the years 1966 and 1976. Table 
63 shows historical and forecast quantitiej?, by 
major categories, /or the period 1958 to 1976. 
Table $i presents these data in detail. 

The ranking of the major materials on the 
basis of the weight they contribute to solid waste 
will not change significantly in the forecast period. 



Paper, glass, metals, wood, plastics, and textile*— 
in that order— will be the major materials in both 
1966 and 1976. However, the relative dominance 
of the materials will undergo changes. Paper, 
glass, and plastics will have a larger share of the 
tonnage produced? metals, wood, and textiles will 
decline in percent of total (Table 65). 

Per capita use of packaging materials will in- 
crease from 525 pounds in 1966 to 661 pounds in 
1976. Use of these materials, in 1958, stood at 404 
pounds (Table 66, Figure 26). 

The impact of packaging materials on solid 
waste in terms of disposability is taken up in 
Part II of this report which follows. 
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Tablk66. — Per capita consumption of packaging matcri^s by kind: 19^ 



Id poundi per capiU 



Type ol tantttUX 


19SS 


1959 


I960 


1961 


1962 


1963 


1964 


1965 


1966 


1970 * 


197J« 


1976 • 


Paper and paperboard . . . 


. 159. 3 


20?. 2 


203. 0 


207.0 


216.4 


228.4 


229.4 


241.2 


255. 5 


283.6 


307. 0 


332. i 




72. 0 


73. 8 


7L 2 


72. 2 


73. 3 


69.3 


68. 8 


69. 5 


72.6 


73. 1 


74.3 


75.7 




67.8 


71.9 


71.3 


72.9 


71.7 


75.9 


76.8 


80.7 


83.6 


92.2 


97.8 


107. 0 


PUftlica.. 


. 4.2 


4. 9 


5.4 


6.2 


6. 9 


7. 7 


8. 4 


9. 7 


11.2 


17.6 


22. 0 


28. 2 


Wood.... ............ 


. 41. 2 


44. 1 


39 8 


39. 1 


40.0 


41.3 


39.7 


40.4 


41.2 


40.7 


40.3 


39. a 


Textileft. /i . . w . , 


. 3.3 


3.3 


3.0 


2.9 


2.9 


2.9 


2.6 


2.4 


2.6 


2.0 


1.6 


1.3 


Total. 


. 377,8 


405. 2 


393. 7 


400.3 


411 2 


425.5 


425. 7 


413.9 


466. 7 


509.2 


543.0 


584. 1 




26. 6 


29. 1 


31.9 


35.3 


39.0 


41.6 


48.3 


54.3 


58.3 


68.4 


72. 5 


77.0 




404.4 


4313 


425. 6 


435. 6 


450.2 


470. 1 


474.0 


498. 2 


525.0 


577.6 


615.5 


661. 1 



• S«rl«^ C popu^«t»<>« P«^<ci»o« o»*d foe 1970, 1973t. and 1976. 

Sourcet U.S. D^partoifnt of Commerce^ Bureau of the Oiuua. Current Popufation HtporU. Senf« P-2S» No. 372 aad No. 359. Waahinstoo, D.C.« 
1967. Mid weal ReMarcb Icutltute. 
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10.9% 
= 0.5^ = 

16.2% 



48.4% 



TOTAL 119.0 



3. 056 



16.05t 



♦9.1!? 



TOTAL U7.0 



1959 



Soijrce: Midwest KcBrtrch Sd»titu(e* 



1965 1970 
YEAR 



U.75C 

= 9.2% = 
6.(^ 



4 .3% 



U.4% 
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y FiCLRE 26.— ConBumption of packaging material by weight: 1958-1976 (billions of pounds) 



PART II 

The DlspoaahUUff of Packaging 3Materiais 



The DisposabilHy ot Packaging Materials 



INTRODUCTION 

The objeciive of the second part of the research 
effort was to evaluate projected qualitative and 
quantitative changes in packaging materials from 
the waste disposal rioint of view. Our findings are 
presented in this s'^ction of the report. 

Dtsposability is an aspect of packaging materi- 
als which has received virtually no attention.* 
Packaging materials can be measured and de- 
scribed in hundreds of ways to define their charac- 
tertsttcs and functions. But their disposability has 
not been measured. Consequently, the best judg- 
ments as to their performance in various disposal 
processes are fundamentally descriptive and sub- 
jective. 

The reasons for this situation are not difficult to 
discover. The packaging industry has never viewed 
disposability as a criterion of design. On the con- 
trary, the industry 8 aim has been to create pack- 
ages that would not crush, break, dissolve, bend, 
fade, collapse, burn, etc. To cite another reason, 
the serious nature of environmental pollution by 
solid waste has not become crucial enough to 
deserve notice until recent years. Solid waste dis- 
posal has been and continues to be, characterized 
by low technological sophistication. One conse- 
quence of this has been that disposal system oper- 
ators have not demanded— and have not had the 
fmancial support to develop— information which 
would clearly define the dtsposability character- 
istics of materials in particular processes in a 
quantitative manner. 

Today, a trend away from this slate of affairs 
is discernible. This is a result of growing aware- 
ness of solid waste handling problems resulting 
from burgeoning populations and government in- 
terest in this aspect of environmental pollution. 

♦A distinction must be made between "discardable" and 
"disposable" containers. In packaging and in popular 
speech, a "disposable** container is one which may be 
throHTi away or discarded after use. In fact disposaf of 
the container or package may not be easy after it is dis. 
carded. Nevertheless discardable packages may be re- 
warded m tbe marketplace. 



This interest has ^parked a reaction on the part of 
the packaging iiidustries; they are concerned about 
their vulnerability to possible legislation aimed at 
remedying the situation. A number of industries, 
either through indiouse efforts or through their 
associations, have appointed senior officials to 
look into the disposabih'ty aspects of the materials 
manufactured by their particular industry. As a 
consequence, it appears that the first steps have 
been taken toward expanding package design 
criteria beyond strictly functional considerations. 
To the traditional missions of the packaging ma- 
terials manufacturer, another may be added: to 
create a package which is relatively easy to dispose 
of: 

The analysis of packaging material dtsposabiltty 
has not been an easy one. A paucity of information 
and an almost complete absence of precedents and 
guidelines were the starting points. We were cast 
into the role of those who must make the first 
halting efforts toward creating concepts which can 
then be refined and modified by others. 

Three aspects of disposability are discussed in 
this report: (1) quantities of various materials to 
be disposed of; (2) collection problems associated 
with these materials; and (3) the resistance of the 
materials to processing by preseiU disposal tech* 
niques. 

DISCUSSION OF DISPOSABILITY 

Disposability may have several different mean- 
ings depending on the point of view of the 
observer. 

— For the housetiife, a package is disposable if 
she can discard it. It is not disposable if she 
must return it to the store. 

— For the trash collector all packages are dis* 
posable but some configurations are easier to 
handle than others. Cans and paper bags 
can be placed into a dump truck or a com- 
pactor truck without trouble. Large steel 
drums pose special handling problems. And 
wrappers, bottles, and cans stremi along 
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highwaya present special and costly pickup 
problems. 

—For the operator of a uxtste processing faciVity^ 
disposability of materials will depend on the 
nature of tl:e process uaed. Certain noncom* 
bustible packages, for example, are undesir- 
able in incinerators but may be entirely 
acceptable in sanitary landfills. 
Given these varied points of view from which 
disposability can be regarded, together with the 
large numbers of different materials and configu- 
rations of which packaging wastes are composed, 
it is difficult to express measures of disposabUity 
in terms of a single value system. If reliable 
nationwide coat data on waste disposal in all its 
aspects — collection, handling and transfer, and 
disposal or recycle — were available in sufHcient 
detail to permit calculation of costs associated 
with discrete waste components, it might be 
possible to express disposability in a single cost 
figure: so many dollars per ton today, go many 
dollars per ton tomorrow. Such data, however, 
are just beginning to be developed and are not 
expected to be available for some years to come* 
The absence of cost information which could 
be used for determining the relative disposability 
of packaging materials for the nation as a whole 
has required an approach involving three separate 
analyses: 

(!) Analysis of the quantity of packaging ma- 
terials to be disposed of in 1966 and 1976 and 
the significance of the Ci>/>,r|;j3 that are 
anticipated; 

(2) Analysis of the collection problems asso- 
ciated wilh the various materials; and 

(3) Analysis of the resistance to disposal of the 
materials in different W'aste handling processes. 

Before examining these analyses, it would be 
helpful to understand the complexity of the dis* 
posal "system" by which the nation *8 solid wastes 
are handled. An overview of the system is pre- 
sented in Figures 27 and 28, These flow charts 
omit much detail but they do suggest that there 
are many alternate routes by ^vhich a material 
can move from the user to ultimate disposal or 
reuse. 

The overall disposal system may be viewed as 
a complicated ^'pipeline" with processing facilities 
at its end. The operator of pipeline and plant is 
concerned with two basic elements of the ''prod- 
uct** he must move and handle: its volume, which 
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determines the capacity of the system . . . and 
the nature of the product Itself which determinei 
the technical design of the facilities; fresh milk, 
by way of analogy, could not be conveyed in 
the same system as crude oil. 

In this sense, the quantity of waste to be 
handled represents an overall load on the systetn 
irrespective of the routes that may be used or 
the facilities to which the waste is channeled. 
The technical parameters are the composition 
of the materials; shape, size, and configuration 
of the packages; and the characteristics atld 
behavior of the waste as a whole in a variety of 
processes and collection systems. 

Associated with each element is cost — cost of 
land, of physical facilities, and operating costs* 
Ideally, disposability should be gauged in terms 
of total cost for handling a given material in 
the system; this is not possible at the present time 
because even the most rudimentary of surveys-^ 
of total waste generation; of types, numbers, and 
locations of facilities; of total expenditures— are 
only now beginning to be made, and at present 
only a small number of states have advanced 
far enough to have a clear picture of their own 
disposal systems. 

In the absence of cost data it is necessary to 
make qualitative judgments of the disposability 
of packaging (or other) materials by measuring 
quantity and by comparing the relative technical 
difHculty of processing various materials through 
present waste disposal facilities. 

ANALYSIS OF QUANTITATIVE CHANGES 

Packaging Waste in Perspective 

According to our best estimates 350 million 
tons of solid waste are generated by residential, 
commercial, and industrial sources in the United 
States every year, 0/ this total, residential waste 
accounts for approximately 160 million tons, 
and industrial and commercial wastes for about 
190 million by weight. Looking at residential and 
industrial wastes separately, packaging materials 
accounted for 19.9 percent of residential wastes 
and 7.7 percent of commercial and industrial 
wastes. In addition to these tonnages, agricultural 
and mining wastes, scrapped automobiles, and 
building rubble must also be disposed of, but these 
wastes seldom enter normal disposal channels. 

Of the 51.7 million tons of packaging mate- 
rials generated in 1966, only about 10 percent did 
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Figure 27,— Solid waste flow from conaumer to disposal site or recycle 
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not enter ihe solid waste slroanu The remaining 
90 percent (46.5 million tons) accounted foi* 13.3 
percent of the Nation^s total volume of solid 
wastes. Hestdential sources of packaging materials 
accounted for 31.8 ntilllon tons of the totaU or 
9.1 percent; industrial and commercial sources 
for 14.7 million tons, or 4.2 percent* 

The 5.2 million tons of packaging material that 
did not enter the solid waste stream in 1966 were 
recycled materials, consisting primarily of paper. 
The paper component of this total amounted to 
4.8 million tons— 3.2 miHion tons of container- 
board and 1.6 million tons of other packaging 
paper. Other materials— metals^ glass, plastics — 
constituted the remaining 0.4 million tons. 

Willie recycling directly reduces the quantities 
of packaging ma iCrials requiring ultimate dis- 
posal, there is another factor that affects the 
disposal of packaging materials that are consumed 
in any one month cr year. Some materials are 
delayed from entering or are diverted entirely 
from entering the solid waste stream. This factor 
introduces the time element and recognises that 
not all packaging material becomes waste in the 
: year it is consumed. For instance, some packaging 
is reused in its original configuration or is put to 
secondary uses or is permanently retained for 
some reason, f samples of some of these items are 
steel drums iii I pails, fiber drums, returnable 
bottles, wood boxes, textile bags, gas cylinders, 
pallets and skids, paperboard boxes and special- 
ized glass containers. 

Also, at any time, a consumer or business 
might have a diverse inventory of boxes, plastic 
and glass containers, wrapping paper, sacks, cans 
and the like in some secondary use. However, 
these items are not usually accumulated in large 
numbers and are rapidly discarded or replaced. 
(An example would be a housewife who saves 
sturdy corrugated containers for use as mailing 
containers or uses glass jars for food storage.) 
Nonetheless, these materials arc discarded at 
about the same rate as tliey are accumulated with 
only a minute number permanently diverted in one 
yean 

Therefore, all practical purposes we found no 
basis on which to differentiate this latter group 
because of its insignificant impact on the total 
quantity of materials. Thus, with the exception 
of recycled materials all packaging is considered 



to enter the solid waste stream in the same quan- 
tity it is produced in any one year. 

Tlie costs of collection and disposal of solid 
wastes were estimated at $3.2 billion in 1966, an 
average of about $9 per ton across the nation* 
Costs fluctuate widely from location to location 
and may reach $25 per ton in certain areas. 

On the basis of $9 per ton for collection and 
disposal, the 1966 packaging materials volume 
cost the natipn $149 million to process from the 
user to ultimate disposal (including recycling). 

By 1976, residential waste tonnage is expected 
to reach 215 million tons. Packaging wastes 
weighing 45.2 million tons w ill be a part of this 
tonnage, representing 21 percent of the total* 
We have no forecasts of industrial waste genera- 
tion in 1976. Packaging wastes from industrial^ 
and commercial sources* however, including 
salvaged materials, will have increased from 14.7 
million tons in 1966 to about 21 millions tons in 
1976. 

Disposal costs for packaging materials will rise 
from $419 million to $595 million, assuming no 
increase in the costs of collection and disposal, 
which is unlikely^ In fact, the unit costs of 
handling packaging wastes will exceed the $9 a 
ton mark for three reasons: labor costs are ex- 
pected to increase; the waste will be; less dense; 
and more sophisticated processing facilities will 
be used (incineration and sanitary landfdl in 
place of opening dumping). 

Absolute and Relative Increases 

Packaging materials volume will rise from 51.7 
million tons in 1966 to 73.5 million tons in 1976, 
an increase of 21.8 million tons. About a third 
of the increase, 6.9 million tons, will be accounted 
for by population expansion; about two^thirds of 
the increase, 14.9 million tons, will be generated 
by changing consumer habits which increase 
consumptiOii per capita (Figure 29). 

Actual per^;l^dpita consumption in 1966 was 
575 pounds.? This is expecte<l to increase to 661 
pounds by 1976 (Figure 30). Tlji» means that, on 
an average, each man, woman, and child in 1976 
will use 136 more pounds of packaging material 
than he used in 1966. 

This projected increase in per capita consump- 
tion of packaging materials is actually quite 
conservative when viewed in historical per- 
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FiGDRE 29, — Consumplion of packaging materials: 1966 anJ 1976 (millions of Ions) 
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Figure 30. — Consumption of packaging materials: 1958-*1976 (pounds per capita) 
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gpective, as fihown below (Table 67) in comparison 
with the recent past. 

Table 61,— Average anmvU increase in per capita consump' 
tion oj packaging materials: 1958 to 1976 







Average annual 
incr««»« 


1958 to 1966 .. 






1960 to 1966. . 






1966 to 1976.. 







Sourc«: Mi<!we«t Research lostiiate. 



Turning to individual packaging materials, the 
most significant per capita percentage gains will 
be made by plastics, paper, glass, and metals in 
that order* Wood and textiles will decline. Per 
capita increases of these materials in the period 
1966 to 1976, expressed both in pounds and as a 
percentage of 1966 volume, are shown in Table 68. 



Table 68. — Increase in per capita consumption oJ pack' 
aging materials: 1966 to 1976 



M«t«rUl 


Prr capiu 
increau in 
poundi 1966 to 
1976 


locreaw a» ■ 
percent of 1966 
cooaumpUoo 




17.0 


152 


P*per 


76. 6 


30 


Glaaa 


23. 4 


28 




3. 1 


4 





Source: Midwest Research loatitute. 



It should be noted that in these and other 
foreciists, population projections of the C series 
published by the U.S. Department of Commerce 
have been used. The Series C projections are 
next to the lowest of the four projections made 
by the Bureau of Census. We believe it to be the 
most reasonable. If population growth exceeds 
that projected in the Series C tables, per capita 
consumption would remain relatively unchanged; 
but total packaging volume would trend higher 
than projected in this analysis. 

Significance of Findings 

The significance of these findings for the opera- 
tor of a waste disposal facihty may be summed 
up as follows: packaging waste generation will 
continue to grow at a rate substantially exceeding 
normal population growth, requiring the addition 



of waste collection and disposal plant capacity 
for packaging materials at a rate of 2.3 percent 
annually in the 1966 to 1976 period jusi to 
accommodate industrial and consumer purchasing 
habits. 

Also implied in the quantitative analysis are 
other factors which will be discussed at greater 
length below. Among these: (1) wastes will be 
more costly to collect per pound because they will 
be lower density; (2) the proportion of difficult-to- 
handle materials, especially plastics, will increase; 
(3) the amount of land necessary to store and/or 
process these materials for ultimate disposal will 
nearly double; and (4) the volume of salvagable 
materials in the waste will increase substantially. 

ANALYSIS OF COLLECTIBILITY 

Collection in Perspective 

Collection of wastes is by far the most costly 
aspect of waste disposal. Nearly 90 percent of all 
expenditures on waste processing are attributable 
to pickup and transportation of wastes. The total 
spent on collection by the nation has been esti* 
mated at approximately $2.8 billion.** Of this 
total, packaging materials accounted for $373 
million. 

Another way to illustrate the size and com- 
plexity of the collection function in the United 
Stales is to look at total vehicles used. In 1966 
approximately 150,000 trucks were operated 
exclusively for trash and garbage pickup, about 
one-third by municipalities, the balance by private 
contractors.^ The overwhelming majority of these 
^chicles were closed-body compactor trucks 
capable of carrying ihrep times the load haulable 
by noncompactor types, In addition, another 
85,000 vehicles (sedans, pick up trucks^ construc- 
tion vehicles, etc.) were also operated by solid 
waste agencies and contractors in their collection 
and/or disposal operations. 

Some Basic Distinctions 

In order to make a judgment about the relative 
collectibility of packaging materials in 1976 as 
compared with 1966, some basic distinctions con- 
cerning collection problems must be pointed out. 

One fundamental difBculty connected with col- 
lection falls outside the effective control of the 
package manufacturer and tlie disposal agency 

^Reference citations are listed at the end of the report. 
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and arises exclusively from sociological factors; 
that is, the cooperation of the public in the actual 
disposal of its wastes. 

This can be illustrated by considering tlio vast 
difference in difficulty and cost betneen collecting 
one ton of cigarette wrappers discarded in trash 
containers and one ton of wrappers casually 
thrown from the windows of cars along highways 
atid streets. Id the Brst instance, we are faced 
with a sin^ple collection task. In the second, we 
are faced with littering. Thus, the same material 
or package tnay have a radically different degree 
of coUectibiUty depending on whether it is dis- 
carded under controlled or uncontroUi 
circumstances. 

A second area of distinction is between volume 
and the technical characteristics of the waste. 
Assuming, for instance, that packaging wastes 
do not change in composition between 1966 and 
1976, the total volume would be more difficult to 
collect a few years hence because there would be 
much more of it. Assuming that the voliune 
remains the same, collectibility of a ton of waste 
may become more difficult nevertheless, because 
of compositional and configurational changes. 

Our analysis of collectibility recognizes these 
distinctions and each area singled out above is 
separately discussed. 

Litter 

Packaging materials apparently constitute a 
large part of the total litter to be found in the 
United States. Two well-known litter surveys — 
one in Kansas and another in Vermont — would 
seem to establish that fact beyond any rea»K>nable 
doubt. 

The Kansas survey listed 3,086 items (Table 
69) found along a one-mile stretch of a two^lane 
highway* Of these, 2,036 (65 percent) were dis* 
carded packages; if the 770 paper cups found are 
also listed as packaging materials, the percentage 
jumps to 88 percent. 

Table 69 shows that the bulk of items discarded 
(2,540 items or 82 percent) as used to convey or 
to dispense beverages and cigarettes, with bever- 
, ages making up the lion^s share of the total. 

Vermont's State Litter Commission, whose 
survey (conducted in the mid-1950*s) was con- 
siderably more extensive and included all titter 
accumulations across the State, also placed paper 
and metal packaging materials high in overall 



Table 69. — Survey of litter found along a one-miU $treich 
of two-lane highway in the State of Kan$a$ 



770 paper cupa 
730 empty cigarette 

packages 
590 beer cans 
130 pop bottles 
120 beer bottles 
110 uhUkey bottles 
90 beer cartons 
90 oil cana 

50 paper livestock feed bag» 
30 paper cartons 
26 magazines 



20 highway maps 
16 empty coffee cans 
10 sbirta 
10 tires 

10 burlap bags 
4 bumpers 
4 fthoca— no pairs 
2 undershirts 
2 comic books 
2 bed springs 
270 miscellaneous 
items 



Soorce: J<^n E. £vftn«. Tbe b««f tiun*« luSde to leMO^ot litter* 
New York, GUm CooUinei' M«Dof«ctiUcr« fotUtute, lindttea, p. $, 

volume. Glass containers ranked lowest, probably 
because of a four-year ban (1953 to 1957) on 
the sale of nonreturnable glass beverage containers 
in Vermont.' 

Analysis of these survey findings in light of 
expected future trends in packaging would suggest 
that litter volume may rise rather sharply during 
the next 10 years, unless some kind of national 
conscience can be developed to inhibit such 
carelessness. 

The basis for this judgment is that consumption 
of beverage containers per capita will increase 
dramatically in the future as nonreturnable con- 
tainers capture larger shares of the beer and soft 
drink markets. The increases in consumption 
may be shomi most tellbgly by a look at per 
capita consumption of beverage containers (Table 
70), 

This growth in the consumption of beverage 
containers—which constitute a large proportion 
of the packaging litter — will be accompanied by 
a rise in the car population from 35 cars per 100 

Table 70. — Per capita consumption oj bei^erage containers: 
1966 and 1976 



Tjpt of cofiUtiier 



CoDcuniptioa per 
opiu in unit* 



1966 



1976 



Perceol 
incteut 



Wine and liquor 12. 9 13. 8 7. 0 

Beer 28.5 40.8 43.2 

Soft drinks . 19. 8 66. 1 233. 8 

Total beverages 61. 2 120. 7 



97.2 



Source: CompiUd hj Midwe«t Re«««tcb Iiiitilat«« 
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people in 1966 to M cars per 100 people in 1976, 
This is significant because littering and motoring 
are related activities. 

Volume 

The problem of volume faced hy H*aste collec- 
tors as a result of packaging material couBump* 
tion changes in the 1966 to 1976 period may be 
summed up briefly. Collection systems operators 
will have to haul about 19.6 million tons mora of 
these materiala in 1976 than in 1966 (90 percent 
of the 21.8 million increase). 

Assuming an average capacity of four tons per 
truck, the national increase in packaging ma- 
terials volume will necessitate nearly 4.75 million 
more collection trips in 1976 than were required 
in 1966. Assuming a work year of 250 days and 
two trips per truck to a disposal site, 9,500 new 
compactor trucks will have to be added to the 
collection vehicle population by 1976 to convey 
just the increase in packaging materiala expected 
by then. If additional trucks need to be pur- 
chased, investment costs necessary to obtain the 
required carrying capacity by 1976 would 
amount to between 1135 and $190 million at 
present prices. 

Other Factors Affecting Collectibility 

Two closely related characteristics of pack* 
aging material waste are of particular importance 
from a collection point of view: density and 
compactibility. 

A materia) which takes up fewer cubic yards 
per ton is more collectible than one wbicb takes 
up more space. This is because the space capacity 
of the collection vehicles—nearly always the 
limiting factor — is better utilized with denser 
materials. Fewer trips have to be made to haul a 
given tonnage, and costs are consequently lower. 

Where materials have the same natural density, 
conftgurations which are compressible are favored 
over those which resist compaction. 

These collection criteria permit another ap- 
proach to the evaluation of collectibility on the 
basis of density and compactibility. Compact!- 
bijity may be included in a general evaluation of 
collection since the overwhelming majority of 
collection vehicles in use are compactor types. 

Packaging material waste, viewed as a whole, 
is a heterogeneous mixture of paper, metal, glass, 
plastic, wood, and textile packages in thousands 

ERIC 



of configurationSi A ton of representative material 
on the basis of 1966 and 1976 distributions is 
shown in Table 71. 



Table 71. — Contposiiion of a ton of padcaging maiefiaUi 
1966 and 1976 



IjPC OI IDKCriJIl 






Pcrccst 

otcr 
1966 






734 


12.9 








9.4 






2^ 


16.7 






366 


2.2 


Wood.., 


... 176 


m 


--22.7 




28 


u 


57.1 


All other plastics • . 


20 


52 


16a D 






4 


--60.0 






2,000 





Source: Midwett R««<«rdi Ia«tltu(«. 

The change in composition of this representative 
ton of packaging materiala between 1966 and 1976 
is significant in that a decline in average density 
will take place. Assuming that the materiala are 
compressed to theur natural density — a fidly 
densified state with all air space eliminated— the 
1966 ton would take up 29.9 cubic feet (LI cubic 
yards); but the 1976 ton wotdd take up 31.2 cubic 
feet (1.2 cubic yards), an increase of 4 percent. 

Another way to put itJ in 1966, a cubic yard of 
packaging materials compressed to natural den* 
sity would weigh 1,782 pounds; in 1976, a cubic 
yard would weigh l|72d pounds or 54 pounds less. 

Unfortunately, complete densincation cannot be 
achieved by compaction, so our analysis must be 
tailored to the actual capabilities of present day 
compaction equipment. Household refuse in the 
garbage can usually weighs around 175 to 225 
pounds per cubic yard. At 100 pounds per square 
inch (psi) pressure, the density of this refuse 
exceeds 1,4(K) pounds per cubic yard under labora* 
tory conditions. Compactor truck mechanisms can 
exert maximum pressures ranging up to 27 psi, 
which would result in a density of about 800 
pounds per cubic yard for compacted household 
refuse; in most cases, however, densities of around 
400 pounds per cubic yard are more usual* 

Discarded packaging materials are classified as 
rubbish, and rubbish Is generally of lower density 
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than mixed househoUl refuse which may include 
ashes and garbage. Uncompacted rubbish densities 
may vary from 60 to 600 pounds per cubic yard 
depending upon its material composition^ water 
cpntenii and the degree to which it is compressed 
in the rubbish container by the householder. 

The difficulty of determining the uncompacted 
density of packaging materials may be illustrated 
by a look at metal cans. A cubic yard of steel and 
aluminum cans (mixed in proportion to their 
present market shares), would weigh slightly more 
than 300 pounds uncompacted if the cans were 
carefully and tightly stacked (see Table 72 for 
basic data used in calculation). In such a case, 
nearly 98 percent of the space would be taken up 
by air within and between the empty cans. A 
cubic yard of such a mixture of steel and aluminum 
cans compressed to natural density (complete 
solidity) W^ould weigh more than 12»700 pounds 
or over 6 tons! It is easy to see that a housewife 
who flattens her tin cans before throwing them 
away can materially reduce the volume of her 
trash, and thereby contribute significantly to the 
relief of waste collection and disposal problems. 



Table 72. — Shipments of me(al cans by end-use markets: 
1965 



Eiid'UM market 


PerteDl of 
•hip menu » 


c«padlr io 
fluid ounce* 


Fruit, vegetables, soups, Juke. . 


29.2 


10 


Evaporated, coodeosed milk. . . 


3.2 


4 




.4 


4 


Meat, inctudlng poultry 


2.9 


10 




2.5 


4 




3.7 


32 




1.6 


32 




6.4 


12 


Beer. 


18.9 


12 


Pet food 


4.2 


15 




2.6 


32 




11.7 


15 




12.7 


16 


Total 


100.0 





* B«»« bosei of meUJ, 

Soureci C«a MtfiaUcturerft Inttitute, Ar\t\aoi Rttxin^MtUd Can 
ShlpmmU—1966. W«»hin|too, D.C. 1967, MMwrti Research liuijtuu. 

Although many factors in the shifting mix of 
packaging material subcategories are expected to 
influence compactibiltty, most of the increase in 
difBcidty can be traced to a few basic changes: 



— Paperboard, which is more difficult to com- 
pact than other types of paper packaging, 
will represent a higher percentage of total 
paper and paperboard tonnage^ 79.2 percent 
in 1976 versus 75.8 percent in 1966.* 

—Easily compactible metal cans will decline in 
share of the market from 11.6 percent by 
weight of packaging materials in 1966 to 9.9 
percent in 1976. 

— The decline in metals ^^il! not be made up by 
the increase in glass, also a readily compact- 
ible material. Glass will increase from 17.9 
percent to 18.3 percent. 

— Plastic film, whose compactibility is poor 
because of its resilient nature, will increase 
its share from 1.4 percent to 2.2 percent: 
total plastics will increase from 2.4 percent 
of total in 1966 to 4.8 percent in 1976. 

Significance of Findings in Collection 
For the manager of a municipal collection 

system or for his counterpart in private business, 

the significance of these fmdings may be summed 

up as follows: 

Expected quantitative and qualitative changes 

in packaging materials consumption in the 1966 

tp 1976 period will: 

(1) Intensify the litter problem primarily by 
providing greater quantities of nonretumable 
beverage containers; 

(2) Call for the addition of new equipment to 
handle a 19-million ton increase in packaging 
refuse alone; and 

(3) Render collection more difficult because the 
waste will be less dense and more difficult to 
compact. 

ANALYSIS OF RESISTANCE TO 
DISPOSAL 

Disposal Methods in Perspective 

Waste materials must sooner or later be dis- 
posed of by one or two routes—by deposition on 
the soil or by conversion into gases which become 
part of the atmosphere. Of these^ only the first 
route can serve as a complete ultimate disposal 
method. Even when wastes are incinerated, ash 
residues are left over which must be deposited on 
the soil. Fly ash and dust which escape to the 



^CoQceroing oompactfoo see the diftcussioo and qualifi- 
cations 00 pftge 124. 
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atmosphere must eventually also settle out on 
land or surface water. 

Ignoring ocean disposal, disposal on the soil, 
or ultimate disposal, can take two forms. The 
waste can simply be dumped on the land witli 
little or no attempt to modify its appearance by 
compaction or burial. However, dumping on land 
may also be practiced under controlled circum« 
stances, whereby the wastes are first dumped, 
then compacted, fmally covered with an inert fill 
material. This technique is called sanitary 
landfilling. 

Wastes may be incinerated as a step to reduce 
their bulk and weight, F^xcluding open burning — 
which is practiced at some dumps — incineration 
is practiced by three sectors of the economy: 
cities, which employ municipal incinerators; 
commercial and industrial firms which practice 
on-site incineration; and the public itself, which 
burns wastes in outdoor burners or apartment 
house incinerators where such disposal is 
permitted. 

Additionally, wastes may be reduced in a 
composting plant where most of the material is 
converted to a useful soil conditioner, another 
portion is salvaged, and the remainder is disposed 
of by dumping or incineration; if incineration is 
used, residues must once more be disposed of. 

Finally, salvage operations can also be used to 
reduce the amount of waste which must reach 
ultimate disposal. Salvage may take place at 
various points in the disposal chain: (1) at the 
point of storage, collection, or transfer; (2) at the 
dump or landfill site; (3) in conjunction with 
incineration — before and after burning; (4) in 
conjunction with composting; and (5) as an 
independent disposal activity. Salvage, by its 
very nature, implies that large quantities of 
useless materials will be left over which must be 
handled by some other means. 

Of these reduction and disposal processes, by 
far the most common is open dumping. It ac* 
counts for nearly 80 percent of all waste disposed 
of. Strictly speaking, open dumping is not a 
disposal technique so much as a form of controlled, 
and in many cases, uncontrolled storage. Wastes 
are simply deposited in an area. The foremost 
"technical** considerations in open dumping are 
locational: the site should be located close enough 
to the collection area to be accessible, far enough 
away firom residential or business districts so as 



not to generate too many complaints, located in 
such a manner as to be hidden from sight, and 
located downwind from inhabited areas to prevent 
the drift of smoke and/or odors into built*up 
areas. 

It is readily apparent that the costs associated 
with this method are quite low in comparison 
with techniques where considerably more pro* 
cessing of the material is required. 

Open dumping is cheap but it is also undesirable. 
We foresee the progressive elimination of open 
dumps in coming decades in continuation of an 
established trend. This trend alone will have the 
greatest single impact on waste processing in the 
next JO years: a growing tonnage of waste will 
be handled by processes which are substantially 
more costly than dumping. 

A comparison of the relative dominance of 
disposal methods in 1966 and 1976 is shown in < 
Table 73. Here the percentages shown refer to 
waste tonnage handled by each technique. All 
incinerated waste ionnages are combiiied in a 
single figure, regardless of the sector in which 
they were disposed of (cities, industry, public). 
In 1966, approximately 6 percent of total waste 
was incinerated in municipal, commercial, in* 
dustrial, and apartment house incinerators; about 
8 percent was disposed of in backyard, household, 
and burners. 

The percentages shown in the table are based 
on all residential, institutional, commercial, and 

Table 73. — Relative dominance of disposal methods: 1966 
and 1976 



Perceat of AoUd 
waile tontiigo 

DUpoMl meibod bandied 

1966 1976 



Incineration » 14.0 18.0 

Sanhary lan<lfiU 5.0 13.0 

Open dumping « 77. 5 64. 0 

Composting .5 1.0 

Salvage"* 3.0 4.0 

Total 100.0 100.0 



* Includfi til diipo««l bx burning— munSeipal. eommcrcUl, induilrUl, 
iparttn^fit hoo%tf and baek/ard ooutcbdd burn^a — cic^pt burning 
op^fationi at opin dump* or cm aeagolag bargM. 

^ Strkllr defined: waite U coirered daily. 

* Inclodea opeu dumping, ocean dumpingj and caaual dumping OUlcr)( 
burning of waate nuy be pracliced in conjuncijoa %ntb <^n dumpiag. 

* Indudei all operationa where aalrage ia practiced, locluding aalrag« 
operaiioAa in rxM^unctKMa wiib compoating, iodneratioft, landfiHidg, 
coUectioo, etc. 

SouKct Hidyeat Reaearcb Inaliluu. 
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conical induBtrial wastes* Demolition wasted, aban- 
doneil automobiles, agricultural wastes, and 
mining wastes, are excluded, 

Discussion of Processes and MateriKls 

The purpose of this section is to discu.-^s in detail 
the roles played by various materials in the dif- 
ferent processes^ and to present quantitative in- 
formation on which the ranking system presented 
in the next section, was based.* A brief discussion 
of each process is presented, together with an 
evaluation of the suitability of the various ma- 
terials for disposal by that process. 

incineration 

Refuse incineration is the best technique for 
reducing the volume and weight of waste ma- 
terials. Volume reduction for all wastes ranges 
from 70 to 80 percent, while weight reduction of 
between 60 and 80 percent can be achieved. 

The single most important characteristic a 
material can possess for suitability in this process 
is combustibility. 

With the exception of glass and metal contain- 
ers, all packaging materials will bum, albeit at 
different rates. Paper, textiles^ wood» and plastics 
are all combustible (especially when dry), although 
plastics generally ha%*e lower burning rates tlian 
the other materials. Most incineration problems 
are associated with the fact that metals and glass 
are unsuitable for the process and with the fuel 
that the refuse incinerated varies widely in com- 
position. Consequently, different burning rates of 



Ma 



Paperboard ^. . . . 
AU other pap^r. . 

Meials 

GlaftB 

Wood 

Piaslic films 

All other plastics 
Te\iilc$ , 

Tola! 



• H««^ on 1966 ami 1976 material tonntjc#? nharf*. S<« TabU 71, 

^Ontainrrhoard. uprdal foodboard, an<i »<-t tip botboard only. 

' In tfol baUh. inia cMXegtity Includrd rubber, ifalhfr, plaitka heavirr 

tbaa (ilma, and mkwk ma a cona^urnce iht re«idup pttttn\»ie m»T not 

be accurate aa to beavr pUatka alone. 



refuse components can have an adverse effect on 
the incinerator's performance. A truckload of 
plastic containers, for in9tance« can cause a good 
deal of trouble whereas occasional plastic con- 
tainers representing a small portion of a total 
load cause no difflculty whatever. 

A second major material characteristic govern- 
ing its suitability for incineration is the inert 
residue it leaves. A ton of packaging materials, 
containing representative proportions of all mate* 
rials, will leave a residue of approximately 705 
pounds after incineration. Of this total, 637 
pounds (or 90 percent) are accounted for by 
metal and glass containers. Since paper is expected 
to increase its proportion of the total by 1976, 
the inert residue of a representative ton of mate* 
rials should decline to 672 pounds. Metals and 
glass will account for an estimated 598 pounds, 
about 89 percent of the residue (Table 74). 
Clearly, removal of glass and metal containers 
from packaging wastes to be incinerated would 
virtually eliminate the secondary disposal prob- 
lem associated with the incineration of packaging 
wastes. 

A number of other parameters for judging 
packaging materials in incineration were also used 
in this evaluation: Btu content of the materials, 
sulfurcontent, and potential damage to equipment. 

Btu content (Table 75) is significant in in- 
cinerator operations if waste heat from burning 
is recovere<l for use. Waste heat recovery is not 



Source; Klmrr R. KaifWr, Coraponltioo and rombuilion of refuae. 
In lVoceeding«. MKCAR Symposium, lncinfra»ion Commillf*. ASME 
Vroceit fnduatma OUiwon, New Vofi, 1967, p. 4. Midirfal He- 
tearcb !o«ti(ute. 



Table 74. — Inert residue oj a ton oj packaging materiah by material: 1966 and 1976 • 



1976 



1966 

I'trcf nl ' — " 7'^'^~^. ' o ~~7' 

iai inrn Sb«e of lolal packaging Prrcrnt of Share of loral packaging I erceni of 

reiidue waatt Reaidue in miduf con- waite Keaidue lo reaidue con. 



lo percent In pounds 



pouoda 



tributed to 
total 



to percent la pouoda 



pounda 



tri^uted to 
total 



3.57 


32.5 


650 


23.2 


3.29 


36.7 


734 


26.2 . 


3.90 


7.65 


22.3 


416 


34. 1 


4.81 


20.2 


^104 


30.9 


4.60 


90.49 


15.6 


312 


282,3 


40. 03 


13.0 


260 


235.3 


35.00 


99. 02 


17.9 


358 


354. 5 


50.26 


18.3 


366 


362.4 


53.92 


2.89 


8.8 


176 


5.1 


.72 


6.8 


136 


3.9 


.58 


6. 72 


1.4 


28 


1,9 


.27 


2.2 


41 


3.0 


.45 


19. 72 - 


l.O 


20 


3.9 


.55 


2.6 


52 


10.3 


1.53 


3.17 


.5 


10 


.3 


.04 


.2 


4 


. I 


.02 



100.0 



2. 000 705. 3 100. 00 100. 0 2, 000 672. 1 



100.00 
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Table 1^,— Heating values of packaging materials: 1966 



In Bin ptt pound 



MaterU! 


Air<«clred 


thy baftU 










7, O tl 




5,390 


7, 793 




683 


742 


Glaw* 




84 


Wood. 




8.236 




11,13S 


13.846 




6, 778 


9.049 


Textilca 




8,036 



* Blu io Ub«li, co«tmsft« and rccrtaina of eooUau. 
^ Teat batch bduded rubber, leather, ptaatki heavier than filma, and 
ihoca. 



Sotirc«; Slmer R* Kalaer, '^Compoaitkm and cooibiiation of ccfua«. 
/n Proceedinfi of MECAR SjrmpoaJum, Ittcineralion Committee^ ASME 
ProccM Induitriea DivUiofk. New York, 1967. p. 4. 

commonly practiced in conjunction with U.S. 
incineration; but in Europe waste heat id generally 
recovered. S.ince it seems probable that this 
practice wiJl also be adopted more frequently in 
the U.S. in the future, Btu content of materials 
was made one criterion for the evaluation of 
materials. 

The most accurate measures of air pollutauts 
generated by the incineration of packaging mate- 
rials would be actual analysis of off-gases obtained 
under all conditions of moisture content and 
operating temperatures from the combustion of 
material batches composed of representative 
proportions of materials. 

Such data are not available. However, in an 
attempt to measure the air pollution potential 
associated with packaging materials, we have 
used sulfur content as a rough measure. Packaging 
materials are generally low in sulfur content: a 
ton of representative materia) contains just under 
2 pounds of this substance. By 1976« the total 
will increase slightly (Table 76). However, far 
more significant, from an air pollution control 
point of view, is the pollutant load emitted to' 
the aimoephere as a result of the incomplete 
combustion of refuse in normal incinerator opera- 
tions — carbon monoxide, unburned hydrocarbons- 
toxic nitrogenous compounds, particulates^ etc. 

Almost any material can cause damage to 
incineration equipment or interfere with pmooth 
operations if the incinerator is not cperated 
properly. Some materials can cause difficulty 
merely by appearing in higher concentrations than 
anticipated in the incinerator fuel and operating 
specifications. 



Table 76. — Sulfur content of a ton of representative 
packaging materials: 1966 and 1976 * 
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Metals 


.01 


.03 


.03 


GUbs 


.00 






Wood. 
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.02 


.03 


All other plastics ^ 


.55 


.11 


.29 
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.20 


(e) 


(e> 


Total 




1.80 


2.02 



» Based oo 1966 and 1976 malertal totuuge aharea. 
^ Teat batch, tochided rubber, leather, puatica heavier than film, add 
•hoe«. 

* losifmfieaot. 

Source: Elmer R, Kaiaer. ^'Coixipo«dtion and Corabuitloo of Refuae. 
In Proceedins*. MECAR Sympo^uto, lactaeraik>o Committee. ASME 
Proceaa loduatHea DiTiaioa. New York, 1967. p. 4. 

Among packaging materials, glass can present 
an incineration problem regardless of package 
size or shape in well-run municipal or industrial 
incinerators. Glass may liquefy and then deposit 
on the incinerator wall and floor surfaces, forming 
G bond with the firebrick which is greater than 
the adhesion of the brick itself. When these 
surfaces are cleaned, they are unavoidably eroded. 
This problem appears to be most common in in- 
cinerator operations where the combustion takes 
place at temperatures of 1300 air temperature 
and above. It may be noted that few incinerators 
are operated at design temperatures; consequently, 
in practice, glass usually appears as inert residue 
rather than as a deposit on the refractory lining. 

Plastics tend to create problems at low-tempera- 
ture points in an incinerator. They melt, flow 
down to the grates, and coming in contact with 
cool air entering the burner, they solidify again, 
clogging the grates. Such problems are typically 
associated with heavier rigid and flexible plastics 
such as bottles and tubs. Light plastics — films, 
coatings, sacks, etc— do not cause the same 
difliculties. 

Steel containers are not reported to cause 
damage or difficulties unless they are over-size. 
There is some indication, on the other hand, that 
the presence of steel cans (and open-end glass 
jars) can have a beneficial effect by creating 
hollows in the refuse, thus aiding air movements 
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and combuetion. Atuminum cans are reported to 
behave like the heavier plasticd. 

SanlUiry tandfiiUng 

In »ai)itary ]attdfilling« the ba^ic objective id to 
8tore-^trouble*free — as much refuse as possible on 
a given piece odand. Obviouftlyi a material which 
has a high density when compacted is desirable. 
Similarly, given two materials with the same den- 
sity, the one which is more easily compacted and 
retains its compacted shape is more suitable for 
landfiUing than one which requires greater force 
for compdction and/or tends to spring back when 
pressture is released* 

The solid density of packaging materials varies 
considerably — from 480 pounds per cubic fool for 
steel to 37 pounds for wood. To put it another way, 
more than 13 tons of solid steel can be placed with* 
in the space required for a ton of solid wood (Table 
77, Figure 31). 
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Source: Midwr-est Reaeacch Institute 



Figure 31. — Volume of one ton of varioud packaging materials compressed to solid density 
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Viewed overalJ, the increased in market shares 
of paper and plastics—two lightweight materials— 
are sufficient to reduce the average weight of pack- 
aging materials significantly between 1966 and 
1976. Sb* e the lighter materials are generally less 
easily compactible (owing toliiuch greater bulk 
and increased spring^back), packaging materials 
on an average will become increasingly resistant 
to sanitary landfilling during that period. 

Judgments measuring relative compactihility 
of packaging materials were largely subjective. 
The only objective method of determining com- 
pactibility appears to be actual empirical deter, 
mination of the bulk modulus of specific package 
confipjrations. Such a task appears excessively 
tedioi^) and impractical since, in the reality of 
landfill operations, materials are not neatly seg- 
regated. Materials arrive at the landfill site in a 
heterogeneous mass: bottles and cans are mixed 
liberally with paper, yard clippings, rubble* ashes, 
plastics, and food wastes. Containers are not 
separately handled and may well be bridged over 
or otherwise protected from compaction pressure 
by other objects in the waste. Thus, it is entirely 
possible that glass which would crush, cans which 
would flatten, and plastic boxes which would 
break under known pressures in the laboratory 
would retain their uncompacted form under even 
greater pressures in an actual landfill situation. 
Plastic fdms, plastic bottles, and paper which 
would exhibit considerable spring-back under lab- 
oratory conditions would not be permitted to 
regain their natural dimensions in a landfill owing 
to the weight of other refuse on top. 

For many such reasons, the compaction ratings 
assigned to packaging materials and presented 
below — generally on the basis of configurations 
and composition — should be viewed with caution. 

Degradability is another basic characteristic of 
materials well suited for sanitary landfilling. The 
reason for this is the fact that many landfills are 
destined to become sites for future construction or 
recreation activity. It is desirable that the "soil" 
of such, a site be as homogeneous as possible and 
\hat tell* tale 'Mump'* traces should not show up 
objeclively when construction begins. 

Two types of "degradability" were used in our 
evaluation: biodegradability and chemical oxida- 
tion. Tliis twofold categorization was made in 
order to acknowledge the fact that containera and 
packaging materials wilt decompose in soil by 



rusting in time, thereby slowly losing their charac- 
teristic configurational shapes. Biodegradabili ty 
pertains mauily to organic packaging materials 
which can be attacked and reduced by bacterial 
life in the soil. 

On the whole, packaging materials are not very 
degradable, and this includes off materials, not 
merely those which resist every kind of bacterial 
or chemical action. Paper, the most degradable of 
the major-category materials, has been reported 
to persist unchanged in landfills for 60 years or 
longer. Not all the paper in such cases remains^ 
but recognizable portions can still be found after 
long periods of time. Composting operators report 
that paper Is the last material attacked by bac- 
teria in the composting process. Bacteria prefer 
organic wastes such as garbage* Most other pack* 
aging materials resist the action of the soil even 
more effectively than paper. 

Open Dumping 

The very nature of the analysis undertaken 
here — an attempt to measure the resistance of 
materials to processing — ^^has prevented the assign* 
ment of values to open dumping in that no direct 
technical resistance of materials can be associated 
with a "process*' wherein no processing takes 
place in any conventional sense. Several facts, 
however, should be noted in connection with open 
dumping. 

The true costs of this disposal technique tend to 
be hidden — they are more likely to take the form 
of indirect costs than direct expenditures on ma* 
teriala handling and processing. Such costs would 
include values associated with aesthetic enjoyment 
of the environment, damages caused by air pollu- 
tion, potential fire damage from burning which 
goes out of control, reduction of visibility in the 
surroundings, nuisance caused by objectionable 
odors, health hazards brought about b) insect and 
rodent breeding, groundwater and run off pollu* 
tion, property value losses, and other similar 
considerations. 

If it were possible to assign dollar values to 
these deprivations, hazards, damages, and nui- 
sances, open dumping might well emerge as the 
most costly of the disposal processes. Since these 
costs are not directly measurable, they must be 
paid by the public in an indirect fashion. 

The undesirability of open dumping is less 
attributable to the wastes involved than to the 
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nature of the technique whicli is juat not suitable 
from the standpoint of environmental health. 
Since packaging materials are generally clean, In 
and of themselves^ tli^y wouUI not be expected to 
contribute to the health hazards of open dumping. 
Nevertheless a function of packaging materials is 
to contain or hold products, and their residual 
con(ent8 can cause problems, e.g., where food 
products are involved. In addition discarded pack- 
aging may retain or hold moisture and can harbor 
in&ects* 

Composting 

Probably the greatest drawback today of the 
composting process is that it has been viewed as a 
potential money-maker: wastes enter at one end 
and a valuable product comes out at the other 
end; and as the product is sold, a profit is made. 
Markets for compost itave not materialized. Con- 
sequently, many facili^ie*^ built with overly opti- 
mistic profit expectations have closed down, and 
it has often been conchided that the composting 
process is unsuitable to U.S. practice. 

In actuality, of course, it costs about the same 
to perform composting as it does to incberate. If 
incinerator operators were expected to sell heat, 
salvaged materials, and ash residue at sufficiently 
high prices to cover incineration costs, incinera* 
tion would be no more economical than compost- 
ing. For this reason, it is well to present compost- 
ing as its wiser proponents now see it. Id in a 
neutral light — as a disposal process rather than as 
a tmste industry which has failed to live up to its 
earlier promotional promises. 

The composting process is best suited to the 
disposal of organic matter. Waste materials are 
converted by biodegradation into inert organic 
materials useful for soil conditioning. The first 
consideration to be applied to a material slated 
for processing by the composting route is whether 
or not it degrades by bacterial action; second, an 
indication of wliellier it can be handled in the 
process, either as a desirable or undesirable 
component. 

Some mention has already been made about 
degradability earlier in the discussion of sanitary 
landfdi. When evaluating sanitary landfill, we 
considered chemical oxidation as a form of 
degradation, particularly the rusting of steel cans. 
In composting, this kind of degradation is not 
considered; and, consequently, only three of the 



six major packaging materials categories can bo 
said to be compoetable: paper, wood, and textiles. 
No meaningful distinctions were discovered be- 
.t^'^n the overall degradability characteristics of 
tliese major categories, although some differences 
between various subcategories were noted. For 
example, greater resistance was assigned to 
relatively thick materials and to paper or paper- 
board which is coated by nondegradable materials. 
Their greater resistance traces to the need to 
reduce such materials to small bits >vhich are 
accessible to bacteria] action. 

Glass, metals, and plastics will not degrade in 
composting operation^ because they cannot be 
attacked and decomposed by bacteria. Class 
usually presents no difficulty because it can be 
pulverized and left in the compost like sand or 
gravel; but it is not viewed with favor by Euro- 
pean compost users who have long-term experi* 
ence with such a product. Neither metals nor 
plastics are tolerable as components of compost, 
so they must always be removed. 

Certab types of packaging materials, which 
are undesirable as compost components, can be 
removed with ease from the process stream. 
Others stay in the stream obstinately and call 
for a great deal of removal effort. Because these 
differences in ease of removability actually affect 
operating costs in compostmg, we made appro* 
priate allowances in assessing the resistance of 
various materials which do not actually find 
their way into compost as an end product. 

On this basis, plastics have relatively high 
resistance to composting. In the words of W. A. C. 
Weststrate, Managing Director of V. A. M., 
the Dutch Composting Corporation: "This 
substance cannot be pulverized and cannot (or 
only partly) be removed by means of ballistic 
separation. As a result of this, part of the plastic 
remains in the compost, which is a serious draw- 
back. It spoils the outward appearance and 
sometimes causes trouble . . . with the finer 
tillage work.*'* 

In comparison with plastics, metals can be 
removed with relative ease thanks to their mag- 
netic properties or, in case of aluminum con- 
tainers, because they are heavy enough to respond 
well to ballistic separation methods. Aluminum 
foils resist separation because they can neither 
be removed magnetically nor thrown out ballis- 
tically. 
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Viewed overall, packaging materials will be 
both more and less suitable for composting b)^ 
1976. There will be much more paper in a ton of 
packaging materials, thus increasing the degrad* 
able proportion of total waste. On the other hand, 
there will be much more plastic film, the material 
which is least suitable to the composting process — 
both in terms of biochemical resistance and also 
physical configuration. Moreover, an increasing 
volume of paper packaging will be coated with 
plastic materials which are relatively undegradable. 

Saltagef Reusef and Conversion 

Any discussion of the salvage, reuse, and con- 
version of packaging materials should be prefaced 
with the statement that only an extremely small 
percentage of packaging materials are ever sal'^ 
val^e'd, reused, or converted after they enter the 
residential waste stream. Salvage is not an ac<^ 
cepted and practical disposal route; at best it 
is a minor adjunct to other waste disposal 
operations. 

The salvage industry in the United States is a 
large and active one. It has gross sales exceeding 
$3 billion annually and at least 2,300 major 
participating companies. But this industry is 
based not on municipal waste operations but 
upon commercial and industrial wastes which are 
collected in relatively clean and well-segregated 
form. Packaging wastes from residential trash 
barrels are poor candidates for salvage because of 
their mixed contents. 

The major coet of salvage lies in collection and 
separation of the materials. This is why the salvage 
industry favors sources of supply where wastes 
are available in clean and homogeneous batches, 
and it explains why the heterogeneous mass of 
soiled municipal wastes is unattractive to the 
salvage industry. 

Salvage of municipal wastes is carried out on 
a very minor scale at landfUls, incinerators, and 
in some compoAting plants. All of the salvage 
plants which were operated in the U.S. during 
and following World War II have been closed 
down. 

A salvage 'operation typically consists of a 
system of moving belts which receives the waste 
materials and conveys them to various stations 
which employ mechanical means or labor to 
separate the items according to composition, 
color, magnetic properties, etc. The separated 



materials are thei. bundled or packaged. Material 
which continues to the end of the conveyor Is 
disposed of by incineration, composting^ or 
landfilling. 

The fundamental movement in the salvage 
industry is toward materials of greater ^^purity." 
All sources consulted in this investigation were 
emphatic on this subject. The buyer of secondary 
materials is becoming more and more concerned 
with the quality and uniformity of the materials 
he is buying. Producers of steel, paper, and glass 
are all using less scrap per ton of product than 
heretofore. This is partly because of changes in 
processing, but also because reclaimed materials 
offer little or no price advantage—and often 
involve serious processing difficulties — compared 
with virgin materials. 

Reclaim and re-use of packaging materials are 
made still more difficult by the multiplication of 
packaging types, the increasing variety of com* 
binations of dissimilar packaging materials (plas« 
tics and paper, metals and paper* metals and 
plastics, etc.) in extremely difficult-to-segregate 
laminations, the development of many new kinds 
of material coatings and inks, and the prolifera*' 
tton of new families of materials with unique 
performance characteristics. 

The trend of growing complexity is in direct 
conflict with the trend of greater user insistence 
upon purity because separi tion is becoming more 
costly and the chances of "contaminating** one 
waste category with materials from some other 
category are increasing. The higher handling costs 
associated with the present packaging material 
mix and the depressed condition of waste markets 
due to declining consumption of waste per unit 
of new production are combining to inhibit salvage 
as a practical disposal method. 

Steei salvage: Of the 6.79 million tons of steel 
which appear in packaging every year, virtually 
nothing is recovered. In 1962, for example, 
salvage operations accounted for the retiun of 
850,000 tons of tin-coated metal to the steel 
industry. The overwhelming bulk of this salvaged 
material came from detinneries, which rely for 
their materials on clean clippings from can pro- 
duction plants. Very little of the total came f^om 
the recovery of used steel cans« 

The basic reason for the small place packaging 
metal wastes have in scrap markets is because 
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of the tin coating on canB which represent the 
bulk of the metal in packaging wastes. The tin 
coating Itself is a minor part of the can repre- 
senting onl}v about one-half of one percent of 
the total weight of a typical can. This amount 
of tin, however, suffices ''to make a tin can ttie 
lowest forra of metallurgical life except perhaps 
a window sash weight" in the words of a long- 
time observer of salvage markets.^ 

Tin is an unacceptable component in steel. It 
enters steel as a residual alloy and forms hard 
spots and creates difficulties in the rolling process. 
Minute quantities of tin Impurities are tolerable; 
but the volume of tin represented by tin cans is 
too high. Consequently, scrap iron containing tin 
cans IS typically rejected by the steel industry. 
It is not an exaggeration to say that scrap bundles 
containing tin cans (No. 3 bundles and incinerator 
bundles) represent commodities on the periphery 
of the scrap market. Prices for these grades of 
scrap are not quoted as a rule in the industry's 
weekly trade publication, the Waste Trade 
Journal. 

With no markets in the steel industry, scrap 
tin cans are salable only to manufacturers of 
cheap metallic goods such as window sash weights 
and other ballast. Tin cans are not normally 
routed to detinneries. Tlie situation is summed up 
by William S. Story of the Institute of Scrap 
Iron and Steel as follows: 

''There are detinning operations around the 
country, and successful ones, but these work 
solely with new tms and tin can clips from 
tin can producers. Tliey do not operate on 
tin can waste because of the economics of 
cleaning the material." * 
Detinning of used tin cans was practiced during 
World War II when homemakers were encouraged 
to clean and flatten the cans. Processing plants, 
obviously, relied on the cooperation of the con- 
sumer to accomplish the costly cleaning process. 

Another outlet for tin cans is m copper manu- 
facturing where tin-coated iron can be used to 
precipitate copper. "Precipitation iron," as this 
material is called, must bo clean, burned, and 
Lihredded. Markets for precipitation iron are 
generally in the Southwest. High freight charges 
associated with (he light density shredded metal 
effectively prohibit the transport of such a mate- 
rial over long distances from population centers 
located to the east and north. 



We can conclude that tin cans ccte recoverable 
and reusable only at a cost which generally 
eliminates them from consideration in the scrap 
market. In order to make steel cans more eligible 
for reuse as scrap, the basic material composi- 
tion must be changed to eliminate the tin coat* 
ing and the lead solder. Without these contami^ 
nants, steel cans could be recycled with relative 
ease. The switch to a tin free ste^lhas now begun 
and is forecast to progress significantly in the 
next few years* 

Aluminum Salvage: In spite of considerable 
public interest — and publicity — surrounding 
various programs to salvage and recycle aluminum 
packaging materials the conclusion of our study 
is not hopeful in this regard. It may be stated 
simply: 

(1) Markets do exist for scrap aluminum 
packaging materials, but 

(2) The prices paid for aluminum scrap are too 
low to maintain economically self-sustaining 
salvage programs. 

In other words, apparently successful programs 
currently being conducted depend upon some 
form of pid)lic subsidy, usually in the form of 
free collection labor. Youth groups such as the 
Boy Scouts often participate in these programs. 

Aluminum scrap today sells between 12.5 and 
13 cents per pound. Processors cannot afford to 
separate waste aluminum cans at this price, so 
this chore must be accomplished by obtaining 
the voluntary cooperation of housewives. By 
the most optimistic estimates of one alumbum 
producer, such voluntary effort could result 
in the recovery of 5 percent of the aluminum 
packaging waste, which would mean that by 
1976 total packaging waste would be reduced by 
50,000 tons— less than 0,001 percent. This highly 
optimistic estimate is not shared by the MRI 
research team. 

Aluminum packaging salvage is not expected 
to reduce seriously the load on waste disposal 
agencies — or to save much of this vital national 
resource — until the price of scrap aluminum rises 
sufficiently to permit profitable commercial opera- 
tions. 

Before aluminum packaging waste is regarded 
as a good source of supply by the secondary 
aluminum industry, it will have to be collected 
in much larger quantities. U.S. Reduction Com- 
pany, which sells more than $5 million worth 
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of secondary aluminum a year, estimates that 
a city would have to supply between 100,000 and 
1 miliion pounds of aluminum every month before 
It would be considered a good source of supply. 
Contrast this with the 4,000 plus pounds of 
aluminum packaging materials collected every 
month during the first three months of a recent 
collection campaign in Miami— a campaign ac- 
companied by a good deal of publicity and a 
relatively high price paid for the waste material 
(one cent for two cans). 

By 1976, the situation should be slightly 
better for two reasons: first, the amount of 
aluminum in the refuse will have increased, 
thereby increasing the salvage output per ton 
of unse para ted waste; and second, the magnesium 
content of aluminum packaging materials is 
expected to decrease. Aluminum containing low 
magnesium is more valuable to the secondary 
aluminum processor. 

At the present time, however, aluminum salvage 
programs are not economically self-sustaining. 
They are heavily subsidized, either by the public 
or the corporations involved. 

Paper Salvage: In 1966, more than 21 percent of 
the fiber used in paper and paperboard produc- 
tion (10.2 million of 47.7 million tons) came from 
waste pap<^r. Paper packaging materials, in the 
form of old corrugated boxes, represented 2.5 
million tons of the total. With the exception of 
old corrugated boxes, paper packaging materials 
were not recovered. 

Waste paper has been declining in importance 
in papcrmaking since World War II. In 1946, 
waste paper supplied 35 percent of the fiber 
requirements for paper and board; in 1956, 
slightly over 26 percent; in 1966, 21 percent; 
and if the past trend continues, one observer 
places the recovery rate in 1980 at 17.5 percent.' 

The decline in these percentage figures should 
not be construed to mean that the tonnage of 
reused waste paper has also been decreasing. 
Actually, it has increased from 7.3 million tons 
in 1946 to 8.8 million tons in 1956 and to 10.2 
million tons in 1966. The declining percentage 
simply means that the refuse of waste paper 
is not growing as rapidly as the use of other fibers 
such as wood pulp, rags, cane fiber and straw 
(Table 78). 

Reasons for this decline include (I) *'con- 
tamination^* of paper by plastics, clay coatings. 



tnkSf jaminants, and adhesives; (2) increased costs 
of waste paper collection as a result of suburban 
sprawl; (3) technological advances in wood pulp- 
ing, computer control of the process, etc.— which 
result in higher fiber yields from virgin materials; 
and (4) integration and expansion moves within 
the paper and paperboard industries which ha Ve 
resulted in additions of virgin pulping capacity. 

Within the context of this overall situation, the 
outlook for the salvage of paper-based packaging 
material wastes is not encouraging. As noted 
earlier, three-fourths of the waste paper recycled 
to the paper industry is derived from waste 
sources other than packaging wastes. Virtually 
none of this recycled paper — with the exception of 
old newspapers — comes from residential sourceSv 
even though these sources generate a large pro* 
portion of packaging wastes as a whole. 

The only paper packaging material which plays 
a significant role in the paper salvage trade is old 
corrugated boxes. An estimated 2.5 million tons 
of such boxes were collected and reused in 1966, 
amounting to 20 percent of the 12.5 million tons 
of container board produced that year. 

The other paper packaging materials are ignored 
by salvage operators because waste p^^per dealers 
(usually called **paperstock'' dealers) can prof- 
itably pack and grade only those materials which 
have been separated at the source and labeled as 
to contaminants. The prices paid for waste paper 
are too low to cover the cost of sorting hetero- 
geneous masses and decontaminating the paper 
portions. 

Old corrugated boxes are often profitably col- 
lected from retail stores because the volume is 
substantial and the boxes are clean and easily 
separated for salvage and reuse. Old newspapers 
are sometimes collected under the auspices of not- 
for-profit or charitable organizations (schools, Boy 
Scouts, churches, etc.). No. 1 Mixed Paper, one 
of two paper bale categories in which paper 
packaging wastes could conceivably be graded,* 
is derived almost exclusively from the waste paper 
baskets of large administrative centers (oflSce 
buildings, schools, etc.). No. I Mixed Paper is a 



♦The other grade is No. 2 Mixed, a grade in which all 
papers arc acceptable; aince No. 1 Mixed is presently in a 
depressed stage due to oversupply, with the price per ton 
at II in some markets* no prices are quoted in the trade for 
No. 2 Mixed, whicV is worthless. 
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Table ^S.-^-Consumption of fibrous maieriali in paper and board mills 
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4o0, 014 


Oilil oo? 

o44, 337 


1? oe? a9A 
17, 857, 930 


10A) 


1A ilOe 9<)A 


0, 307, 854 


iiie AiA 
4^5, 910 


??A 9 CO 

770, 35o 


1 O 1 AA 4 4 1 

18, 199, 442 


lOilA 


lA C/Vl OA 4 


a OCA 990 

0, o59, 332 


Afi^ 09? 

427, b37 


AC? 40A 

957, 3o9 


lo, 740, 702 


10J.C 


1A OOC X1<) 


0, 799, 003 


il 1 il AQ4 

414, 0o3 


AOA AtLfi 

9a9, 453 


1 O AiCO 1 

lo, 90o, 031 


M^AA 


19 AA4 


1 fi^Q AA'? 

7, ^7o, U9< 


^ AO CAiC 

40^, 500 


A?A TCC 

979, 755 


OA teo Atlt 
20, 752, 4ol 




19 <>eo a4A 


O AAA Ae<1 

0,009,052 


40i, OOO 


1 AiC^ 1^1 

1,003, 101 


Ail c*i e 
22, 787, 525 


lOvlll 




'9 EA1 

7, 584, 501 


ill c 

41 5, 668 


1 Afl^ A4 4 

1, 036, 044 


A9 41 A ^AA 

23, 410, 799 


1 616 




di CAA i^A/C 

0, 599, 000 


901 Ale 
3ol, 915 


O^O l^A 

833, 174 


01 4CA 4lC4 

21, 450, 052 


16CA 


1<I CAO AAC 


7, 950, 030 


il 4 t OAi 

441, 894 


AAt A 4 A 

997, 444 


AC AA4 A?A 

25,904,279 


16C1 

lydi 


1^ A'lA 

17, Too, y (U 


A A*? A CCA 

9, 070, 554 


387,843 


1.069, 159 


OO A£4 eOA 

2o, 204, 520 




f%Q/i A9A 


? 001 1AO 

7,881, 193 


324,560 


886,556 


fta 9?0 99 A 

20, 378, 339 


lot.) 


10 i^O*> Ci4 


8, 530, 662 


325, 154 


929, 461 


28, 408, 820 




lO AOA ll^A 


7, 856, 637 


316, 737 


882, 955 


AO A4 C 400 

28, 045, 4oo 


1A<C 




9, 040, 768 


340,353 


1,000,060 


91 094 A/A^ 

31, 834, 947 


IfkCiC 


AA /W^n 4 A/V 


A At ^ ^ 

8, 836, 449 


298.259 


1,253, 070 


9 9 90£. ICO 

33, 386, 158 


i AC^ 


A A JTA iAA 


n JA4 1 

8, 493, 109 


1,015,475 


9A ACO AAA 

32, 058, 0U4 


t ACO 


An J A 1 1 n 


8, 670, 824 


1,003, 335 


9 A 1 CI 

32, 157,277 


IAEA 


AK 4/!A 


9* 414, 153 


979, 940 


9 1? f J O A^A 

35,548,972 


10/U> 


7AA A91 


A tilt All 
9, vol, 014 


970,940 


OO, 90D 


1961 




9,017, 749 


894, 257 


36,594,869 


1962 




9,074,815 


962,918 


38, 636, 066 


1963... 




9.613,000 


1.285,000 


41,118,000 


1964.... 




9. 843, 000 


928,000 


42, 859, 000 


1965.. 




10,297,000 


878.000 


44, 965,000 


1966 




10,159,000 


1,054,000 


47, 657, 000 



Sourc«: AmcHc^n Pspcf and PuJp AModatioD. StaliuktoJ Paper, 1964. Augu»t \96i. p. 21. Paperboard Packaging, S2(3): 36. Au«. 1967. 



sorted product, with the paperstock dealer per- 
forming the sorting operation. 

These three categories of paperstock — cor- 
rugated, newspaper, and No. 1 Mixed — account 
for 85 percent of all recovered paper. The remain- 
ing 15 percent is made up of highly uniform wastes 
from commercial operations (converters, printers, 
paper mills, etc.). Thus with the exception of old 
corrugated boxes, paper packaging materials do 
not play a role in the paper stock industry. 

No. 1 Mixed Paper has been declining in price 
recently because of oversupply, and also because 
of rising degrees of contamination associated with 
oflice building wastes. Such waste contains a large 
amount of excellent fiber which is desirable in 



paper stock, but it is becoming increasingly 
diluted by plastic cups, photocopy paper, lunch 
scraps, typewriter ribbons, carbon paper, and 
claycoated papers, thus making it much more 
costly to sort. If it is not properly sorted, it brings 
much lower prices. 

Recent prices paid by dealers for No. 1 Mixed 
Paper and Old Corrugatetl Boxes are shown in 
Table 79. Prices paid for two other waste paper 
categories, both subdivisions of New Double 
Kraft Lined Corrugated Clippings, are also shown. 
New Corrugated Clippings are derived from box 
manufacturing wastes. It is instructive to note 
that in this instance, the highly uniform clipping 
wastes, low in contaminants, command a con- 
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Table 19 .—Selected papentock price rangesi 1966 to 1967 • 
Id doUm ptt ton 



New York City Chktfo 



Month and jrear 


No. 1 


oia 

botes 


SeoUcbem 
0.009 medium 

lianl krafi 
eorrufated 
dipplngl 


Mued 0.009 
medium 
doiilile 
li&ed kraft 
corrugated 
clippingi 


No. I 
f^lpei 


0!d 

ru 0fl (C%] 


Semkbem 
0.009 medium 

dcKjble 
Uoed krafi 
corrugated 
cUppinga 


Mixed 0.009 
medium 
double 
lined krafi 
cormcaied 
clippToga 






23/25 


35/45 


30/40 


6 


24/26 


35 /45 


30 /40 






20/21 


30 /35 


25/30 


6 


18/22 


33/35 


25/30 






19/20 


25 /30 


20/25 


6 


16/20 


25/30 


20/25 






14/18 


25/30 


20/25 


6 


16/18 


25/30 


20 /25 




4/6 


14/18 


25/30 


20/25 


6 


12/18 


25/30 


20/25 


March 1967 


3/6 


15/18 ., 






6 


12/18 . 






Apri! 1967 


.. 1/4 


15/18 ., 






6 


12/16 . 








. 1/4 


15 


25/30 


20/25 


6 


12/16 


25/30 


20/25 


June 1967.... 


.. 1/4 


15 


22.50/30 


17. 50/25 


6 


12/16 


25 /3d 


20/25 


July 1967. 


.. 1/4 


15 


22.50/30 


17.50/25 


6 


12/16 


25/30 


20/25 


August 1967 


1/4 


15 


25/30 


20/25 


6 


12/16 


25/30 


20/25 




.. 1/4 . 


15 






6 


12/16 . 







^ Mill prkea F.O.B. can or trucks, in baJet— SOO lb. minimum. 

Source: PaperWil Pocio^in^, Sl(llX NoTeinber 1966 through 52(10)» October 19^^ 

must at least break even. This would imply 
that disposing of a ton of paper by the salvage 
route would have to cost no more than disposal 
by some other means. Disposal costs range any- 
where from $1 to more than |I0 per ton of waste 
depending on the process used. It is evident that 
salvage of paper in conjunction with dumping 
operations (the least costly) would not be eco- 
nomically feasible, whereas it may prove attractive 
on a limited basis in processes where the unit 
costs of disposal are considerably higher (come 
posting and incineration). However, in view of 
the extremely low prices paid for the less desirabl- 
paper stock grades, only corrugated boxes among 
packaging materials appear to offer an econom- 
ically desirable salvage opportunity. 

Since only a portion of paper wastes is presently 
salvaged, the fact that the proportion of waste 
paper to virgin fibres is expected to decline further 
in papermaking, and the f4ACt that much more* 
rather than less, contamination of the waste 
paper appears to be the trend, it is our conclusion 
that salvaging will be an even less attractive 
method of disposing of paper-based packaging 
wastes in 1976 than in 1966 — unless salvaging 
can somehow be made more economically attrac- 
tive to its participants. 

Glas$ Sakage: Glass salvage must be viewed 
from two separate vantage points. Returnable 



siderably higher price than even the relatively 
uncontaminated corrugated box and mixed paper 
grades. 

It is the consensus of knowledgeable observers 
in this field that effective salvage operations 
necessarily call for the separation of the paper 
wastes into suitable grades at the generation 
source^ with the possible exception of newspapers 
and corrugated boxes, which are sometimes 
separated following waste collections at the 
disposal plant. Once paper materials have entered 
a compactor truck, they are literally worthless by 
reason of contamination with garbage, moisture* 
and other organic materials. Certain types of 
paper material, especially plastic coated items 
such as milk cartons, would not be acceptable 
for recycling even if segregated at the source. 

The costs of processing waste paper are, on 
the whole, considerably higher than disposal 
costs. To sort and bale No. I Mixed Paper 
involves an estimated minimum cost of $3 to $4 
per ton. The cost of separating paper from the 
mix of other residential and commercial/industrial 
refuse is estimated to be considerably higher. 
No. 1 Mixed Paper* as delivered to the sorting 
concern, is already a relatively homogeneous 
material. 

To be economically viable, a salvage operation 
as practiced by the operator of a disposal facility 
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bottles are eminently salvable, and the collection 
and recycle systems for handling this type of 
package are well developed and operative. On 
the other hand« the theoretically salvable non- 
returnable glass container^ ^ hot appear to play 
a very significant role in glaaiS making. 

Returnable glass containers (beer, soft drink, 
and milk) represent a small percentage of total 
glass packaging production. On a unit basis, in 
1966, 9.1 percent or 2.7 billion units of a total of 
29.4 billion units \vere of the returnable type. 
The rise of one-way beer and soft drink containers 
will result in an absolute and relative decline in 
the number of units of this type to be produced 
by 1976. In that year, 1.7 billion units of a total 
glass container production of 45.7 billion units 
will be returnable, or 3.8 percent of total units. 
Unfortunately, the most salvable of all glass 
containers will actually diminish in importance 
between now and 1976. 

Clean, sorted, crushed glass known to the 
trade as "cuUet" — is a recognized waste-glass 
commodity which is used in glass making to 
speed up the melting of virgin silica. Cullet may 
be obtained from two sources; scrap dealers who 
specialize in collecting, sorting, and cleaning glass 
wastes, and from glass plant wastes. Cullet repre- 
sents between 15 and 30 percent of the input 
materials used in glass making. 

Fairly accurate data on glass salvage, particu- 
larly cullet usage in glass manufacturing, should be 
emerging soon from a study presently under way 
under the auspices of the Glass Container Manu- 
facturers Institute. At this time, little in the way 
of applicable survey data is available, but certain 
facts appear to be clear. 

The major portion of the cullet used in glass 
making at present is derived from in-house process 
waste. Scrap dealers who sell cullet to glass 
manufacturing plants obtain their supplies from 
various commercial or industrial operations where 
relatively uncontaminated and homogeneous ma- 
terial is available in quantity—bottling plants, 
dairies, breweries, etc. Glass is segregated at very 
few waste processing facilities. 

One reason why glass is not salvaged at dumps, 
landfdls, incinerators, or at various waste transfer 
stations is that the costs of separating and clean- 
ing cullet have increased substantially. This is 
reflected in cullet prices, which have risen from 
$8 to S9 per ton in 1959 to $15 per ton in 1967. 



In some localities, for example in the Chicago 
area, scarcity of low-coat labor has effectively 
priced cullet out of a market. A 1967 private 
study of glass salvage in the Chicago area con* 
eluded that cullet could not be profitably processed 
there even at a price of 130 per ton. 

Sorting and cleaning costs may be placed in 
focus by considering that about 3,600 bottles will 
yield a ton of cullet (Table 80). Many times this 
number of units Mould have to be hatidted to 
obtain a ton of cullet of a particular grade (flint 
cullet, amber cullet, etc.). Once the bottles are 
sorted, they must be crushed. The crushed 
material, in turn, must be washed, dried, and 
packaged. Transportation costs have to be added 
to the selling price to obtain true cost to the 
manufacturer. 

In glass, as in virtually all other material 
groupings, impurities in and accompanying the 
base material are increasing. One instance is the 
twist-off cap which leaves a slender ring of metal 
around the neck of a bottle. Since the metal is 
aluminum, this impurity cannot be removed from 
crushed cullet by magnetic means; nor will it 
wash dut. Consequently, bottles with twist-off 
caps must either be eliminated from cullet stock 
at the outset, or expensive hand removal of the 
aluminum from the crushed material must be 
accomplished. 



Table 80. — Number of glass containers required to make one 
ton of cuilet 



Type ofcortiiJnft 


1966 avr. 
weight/ 

RTOM (ill) 


unit 
(lb) 


Uoii/ 

ton ■ 




141.2 


0.981 


2,039 




88.6 


.615 


3»252 




85.5 


.591 


3.367 




68.1 


.473 


4.228 




125.5 


.872 


2,294 


Wine 


155.0 


1.076 


1,859 


General line narrow neck 








(food, drugi chemical, 










68.4 


.475 


4»210 


General line vnde mouth 








(food, drug, chemical, 










63.2 


.439 


4.556 


Average— all glass containers. . 


79.8 


.551 


3,610 



» The ttwtt uniu per ton rfpre«^nt U)wez Kandiing r«quir«meoti for 



Source: GUm ConUinef M«nufa€tnr<«-» fntUtut«!< Inc., uapubUahed 
<{aU. MMwe«t Rece^rcli laitilute. 
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Label stock is relatively easy to remove by 
sufficient soakin;^ and washing of the cuilet. 
However, cutlet dealers, understandably enough, 
prefer to process glass wastes which do not carry 
labels; in that w^ay, the processing time is 
shortened. 

The number of colors which can be obtained in 
glass making is grow ing as a result of advances in 
glass technology. Competitive forces at work in 
the marketplace favor recognition of product by 
introducing novel color-shape combinations. The 
effect of color multiplication on salvage is to render 
more and more of the waste glass unsuitable for 
use in grades other than brown bottles— primarily 
beer containers, medicinal bottles and jars, and 
chemicals— which represent a low percentage 
(under 20 percent) of total glass. 

Plastics Salvage: The Salvage of plastics from 
resident ial^^ommercial refuse is not practiced at 
present. Plastics wastes are collected by scrap 
dealers from extruders, converters, and molders 
and fabricators. Among these suppliers, extruders 
rank highest in the eyes of the scrap dealer because 
the material obtained is uniform and clean. 
Molders and fabricators supply the smallest per- 
centage of plastics that enter reuse channels 
owing to the relatively high degree of contamina- 
tion of the materials. Converters are not con- 
sidered a good source since the waste materials 
are frequently contaminated by printing inks. 

There appears to be no practical way in which 
plastics can be separate<l from refuse, sorted by 
grade, cleaned, and processed at a price that 
would even remotely approach prices currently 
commanded by plastic trim and process wastes. 
\fost prices range from $2 5/ ton for mixed vinyl 
to $l80/ton for single color cellulose acetate. In 
late 1967, polyethylene, which accounts for the 
bulk of packaging plastics, was virtually worth- 
less as scrap. Earlier in 1967, polyethylene wastes 
from printing plants, free of ink, sold for a low 
of $25/ton and a high of $40/ ton. 

Some idea of the complexity of activities in- 
volved in reclaiming and reprocessing of plastics 
wastes is given in Charles Lipsett's book, Indiu* 
trial Wastes and Salvage. Summarizing Mr. 
Lipsett^s account, six steps are required to process 
a nonfilm plastic waste n^aterial (obtained from 
an industrial source) into a salable product. 

(1) Scrap is sorted — by type of material and 
by color; impurities are removed by hand. 



(2) S^rap is reduced to small pieces by guillo- 
tine or saw, 

(3) Pieces are groimd; ferrous metals are 
removed by magnetic means; special techniques 
are used to eliminate nonferrous metals. 

(4) The resulting powder is blended for colors. 
Depending on the operation, pigments and 
plasticizers may be added. 

(5) Blended powder is heated to between 400 
and 500 F to set the color; cooling and pelletizing 
follows. 

(6) The colored plastic is peUetized and 
packaged.* 

The relatively small percentage of plastics in 
packaging waste, the high vulnerability of plastic 
materials to contamination, and the virtually 
indissoluble unions in which they often appear 
(as coatings, laminations) — all of these factors 
indicate that the salvaging of plastic packaging 
material wastes will be physically and economi- 
cally impracticable between now and 1976 unless 
normally operating market forces are modified in 
some manner. 

Other Salvage: The two remaining packaging 
material categories, wood and textiles, are used 
predominantly in industrial packaging appUca> 
tions. Wooden pallets and boxes, tight and slack 
cooperage and textile bags are reusable. Wooden 
containers are far more repairable than other 
package types which make their continued use 
possible, with some inputs of labor, even after 
they are damaged. These packages, however, 
enter the waste stream in approximately the same 
volume as annual production; they are discarded 
once it is no longer practical to repair them. 
Textile sacks can be sold to scrap dealers once 
they have outlived their usefulness; they enter 
secondary fiber reuse channels. 

Summary: With the exception of corrugated 
containers, packaging materials are not econom- 
ically salvable because of contamination problems 
and the high costs of separation and sorting. Most 
scrap industries have evolved, through the years, 
around industrial and commercial waste sources 
from which relatively high purity materials can 
be obtained in quantity. We have found no 
indications of technological or market develop- 
ments which might be expected to change this 
situation significantly before 1976. 
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ANALYSIS OF RESISTANCE TO 
PROCESSING* 

Ap|>roach to the Analysis 

Any given tonnage of discarded packaging 
materials is likely to pass through at least five 
broadly defined disposal processes. Given 100 
pounds of steel cans, for instance, 14 pounds 
would pass through an incinerator, five would end 
Up in a landfJl, 77.5 pounds would be dumped, 
three salvaged, and half a pound would pass 
through a compost plant. 

It follows from this that the disposability of a 
tin can has to be evaluated from at least five 
points of view: from those of the incinerator plant, 
open dump, landfill, compost plant, and salvage 
plant operators. Depending on the suitability 
criteria associated with each process, a metal can 
looks very good or very bad. Furthermore, if the 
can has an excellent suitability rating in a process 
which handles a bulk of the waste, its overall 
suitability would be greater than in a case where 
it shows low suitability in the dominant process. 

Our aim in this analysis was to create a measure 
or index value which would establish the relative 
disposability of a material in each process in such 
a manner that the values would be comparable. 
This clearly called for a numerical system. We 
selected a scale extending from 100 to 500, whereby 
100 stands for excellent, 500 for unsatisfactory. 
In actual practice, each material was rated for 
each disposal process on this scale. Each material, 
consequently, received five different values, be- 
tween 100 and 500. llow values were actually 
assigneii is explained below. 

In the course of developing this rating tech- 
nique, our aim was to arrive at numerical values 
that would express relative measures of technical 
resistance of materials to processing. Once the 
values were established for individual packaging 
materials, they could be applied in proportion to 
their 1966 consumption quantities to develop an 
index of resistance for packaging materials as a 
whole. Then, by recalculating the index for the 
packaging materials mix expected in 1976 and 
adjusting it for expected shifts in future emphasis 
among the di^Tereot disposal processes, one may 
obtain a fairly accurate indication of how much 



•To ^iinptify analysts mi&c^tUneouB packaging cate- 
gories arc not included in this sec lion. 



total resistance to disposal will increase or de« 
crease by 1976. 

How Resistance Values Wi re Assigned 

Analysis of the technical characteristics of each 
disposal process (discussed earlier) disclosed those 
physical and chemical properties of waste which 
were most suitable for each disposal method. 
These are summarized in Table 81. The process 
analysis also revealed the relative importance of 
each property. This relative importance was then 
expressed numerically as portions of unity (LOO) 
for each process. 

Table 81. — Suitable material charaderistics 



These cbtr* 



In thU TheM itt«t«Ti«t cfi«racterutic« hare iht 

pcocfM— are tb« roo«^ (lu table foUawin$ 

relative 
Importaoce 



Sanitary High natural density 0. OS 

landfill CompactlbUity of the 

material .80 

DegradabiUty of the 

material , .15 

Incineration Combuatibility of the 

material .75 

Low inert BoUds residue .... .15 

High BTU value .04 

Low eulfur content .01 

Little or no potential to 
cause damage to the 

incineration equipment ... .05 

Composting Degradability .80 

Suitability .20 

Salvage, reuse, Easily separable. . . . , ; .25 

cooversion Existence of market for the 

commodity. , . .75 



Sou.vv. MidwMt Re«earch InatUule. 

A discussion of sanitary landfiUing wilt illustrate 
the nature of this analysis. In this process, 
materials are deposited in natural hollows or 
depressions or in manmade excavations; they are 
compacted by heavy machinery; and they are 
covered daily by inert fdl materials. Compaction 
serves to reduce the voids between wastes, thus 
preventing or minimizing the formation of hollows 
where rodents and insects might breed. Com- 
paction also serves to maximize the quantity of 
refuse which can be deposited at a given landfdl 
site and thus extend its capacity and period of 
usefuUness. Covering of the fdl on a daily basis 
ensures sanitary conditions, eliminates odors and 
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unsightliness, and prevents infeBtation of the 
waste by rodents and insects from the surface. 

One of the more significant aspects of land* 
filling is that it is frequently a land reclamation 
process. Useless gullies and depressions are filled 
up— not with expensive fill material but with 
waste. Therein lies the attractiveness of the proc« 
ess and the justification for operating landfills 
near residential and industrial areas. 

Suitable landfill sites are rarely available near 
population centers. And as sites are progressively 
located farther from cities, hauling costs increase 
substantially. For this reasout maximum exploita- 
tion of good sites becomes economically desirable, 
and there is growing need to compact the fill 
materials as densely as possible. 

Needles to say, materials with a high natural 
density and good compactibility offer less dis« 
posability resistance than lightweight materials 
with a good deal of elasticity and spring-back. 
Package density, however, is relative to configu* 
ration — whereby an uncrushed metal can may 
take up far more space due to its shape than an 
equal weight of paper. For this reason, compact!, 
bility of the waste material is the most important 
single criterion in landfill operations: the best 
possible material is one which is made of a heavy 
material, can be compacted with ease, and will 
retain its compacted shape when pressure is 
released. 

Degradability is desirable for another reason: 
most landfUls are ultimately destined to become 
sites for urban redevelopment — parks, residential 
areas, golf courses, industrial sites, etc. When 
redevelopment work begins, it is desirable that 
excavators find as few of the remains of disposal 
operations and as homogeneous a soil as possible. 
For such purposes, landfill sites which received 
readily degradable organic wastes would be the 
most ideal* If inorganic packaging wastes must 
also be stored* a site which received packages that 
would lose their characteristic shape over time 
would be more suitable for redevelopment than a 
site which received large quantities of packaging 
that retain their shape for decades. Since, however, 
ultimate use of the site is usually a secondary 
consideration, degradability is not given as high 
a value in our system as compactibility. 

Much the same reasoning was used to determine 
the relative suitability of packaging material 
characteristics for disposal by other processes. 

O 
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It will be noted that Table 81 does not show 
open dumping as a disposal technique, and this 
omission calls for some comment. 

It is impossible to determine how much packag* 
ing waste is dumped in clearly authorized dumps 
and how much is simply discarded by people 
along streets, highways, lakes, rivers, parks, etc. 
Large numbers of bottles and cans are thrown 
into water bodies where they eventually sink out 
of sight — and out of mind. Containers, wrappers, 
and other materials tossed from car windows 
remain in view« Many trash materials are dis* 
carded in unauthorized dumps which seem to 
invite further dumping. As a consequence, much 
of the waste tonnage assigned to open dumping 
actually ends up in other than authorized 
locations^ 

This situation has dictated our approach to the 
assignment of resistance values to materials in 
open dumping. Not being, strictly speaking, a 
disposal process so much as a manner of storing 
wastes in a more or less controlled manner, ma* 
tenals which are disposed of in open dumps are 
not processed. Consequently, they do not exhibit 
resistance to processing as such. Since the ratings 
as used here are based on resistance to processing, 
all materials thought to end up in dumps are given 
the lowest index of resistance available. No 
attempt to evaluate the characteristics of this dis* 
posal mode was made, with the result that open 
dumping does not show up in Table 81. The low 
resistance ranking of materials which are dumped 
should in no case be construed as an endorsement 
of this disposal technique. 

Having established the suitability of various 
material characteristics in each process and having 
assigned each a relative numerical value, the 
actual material ratings could be developed. The 
scale of numerical values ranged from 100 to 500 
as follows: 

100— Excellent 

200— Good 

300— Fair 

400— Poor 

500 — Unsatisfactory 
Each individual packaging material was as* 
signed one of these five numbers. In order to 
apply the rating system consistently, careful 
definitions were developed for each material char* 
acteristic in each process. These definitions are 
shown as Tables 82 through 85. 



IN SOLID WASTE MANAGEMENT 
Table 82. — Bating definitions of incineration 



135 



Rating 

code 



Burning 
rite 



Inrrt »ol)d» residue 
• t\tt inciner«tk>a 
wfight in percent 



BTL; value 
1,000 BTU^» 
per pound 



SuJfur conlcnt 
weight iad 
percent 



PotenlUl damage 
lo equipmeat from 
the material 



Excellenl (100) Very higb , 2 to 5 12 and above. . , 0.01 to 0.05 None. 

Good (200) High 5 to 10 10 to 12 0.06 lo 0.10 None when incinerator 

is operated properly. 

Fair (300) Slow.. 10 lo 20 8 lo 10 0.11 lo 0.15 Can someliraes disturb 

system operations. 

Poor (400) Self. 20 to 50 6lo8.. 0.16 lo 0.20 Seriously disturbs 

extinguiBhing. system operations. 

Unsatisfactory.. (500) Nil... 50 and above. . . Below 6 0.20 and above. . Damage can be 

considerable. 

Source: Midwe*! Ret^fircb Inslitule. 



Table: 83. — Rating definitions of sanitary landfill 



Katixig 



Raliog Natural deneity of th« 
code material (po^mrlB/nitic 
foot) 



CompactibUity 



DegradabUity 



Excellent (100) 100 and above. . . . Deforms or crushes easily under Item will eventually degrade 

pressure and retains com* and diatntegrade in soil by 

pacted form after preeaure ia bacterial action, 
released. 

Good (200) 71 to 100. Deforms easily but springs back Item i^ partially degradable. 

when pressure is released. 

Fair (300) SI lo 70 Deforms with difficulty Item will decompose by 

chemical action. 

Poor (400) 31 lo 50 Defo-ms but requires s-pe iai 

bandJing ifi land/il] operations. 



Unsatisfactory (50O) 30 or less Not effectively compaclible 

in conventional landfill 
operations. 



High'y resistant to both 

bacterial and chemical action 
in the soil. 
Virtually indestructible; will 
not degrade. 



Source: MidKcat Research Inarilute. 



Table 84.- — Rating definitions cf cootposting 



Rating 



Rating 
code 



begradabiiltjr 



Kaodling auiiabtUly 



Excellent (100) Degrades quickly Suitable. 

Goo<l (200) Degrades slowly Suitable, but requires pulverization or 

special equipment for reduction. 

Fair (300) Degrades partially Unsuitable, but can be remov d without 

difHcuhy by mechanical means. 

Poor (100) Does not degrade but may be left in the Unsuitable but can be removed by manual 

compost. means. 

Unsatisfactory (500) Does not degrade and is an undesirable Unsuitable and difficult to remove by any 

component of compost. means. 



Source: Midweil Reaearch laMitute. 



o 



136 



PACKAGING 

Tabie 85. — Rating definifions of salvage, r^se, and conversion 



codt 



Excellent. (100) Separation U poBsibte by mechanical Market for the commodity exUtt anj may 

means, be aupplted with little or no preprocesaing 

of the commodity. 

Good (200) Mechanical separation is poseihfe but Market exists for the commoHhy* but 

must be supplemented by band sorting. seller must sort commodity into grades or 

types before it is sal«b?e. 

Fair (300) Separation is possible only by manual Market exists, l^ut seller must process the 

means; minimum sorting required. commodity by shredding, cleaning, reno- 
vating, etc. 

Poor. (400) Separation is possible only by manual Market does not exist for the commodity 

means; considerable Borthg is re- hut may he a po3$ihi)ity via chemlca) 
quired* conversion or extensive processing. 

Unsatisfactory (500) Not praciically separable Market does not exist for the commodity 

and is unUkely to develop. 



Soarcts MtJwetl R^ftrcb Iiutitute. 

Basically^ these definitions were used as a 
guide for classifying packaging materials on the 
basis of either a numerically measurable or clearly 
spelled out characteristic* Thus, for instance* 
under compactibility* a steel can is considered 
**exceJ]ent" because it deforms easily and perma- 
nently, and it has relatively high density after 
compaction; containerboard is considered "good'* 
because, although it deforms easily, it has rela* 
lively low density after compaction; plastic 
bleach bottles are "fair" because they spring back 
resiliently after compaction; bulky items like 
steel drums are '*poor" because* although com- 
pactible, they need special handling; metal cyl* 
inders are not effectively compactible, so they are 
rated "unsatisfactory.** 

How the Index Was Calculated 

In this analysis, 40 separate material subcat- 
egories were rated: 15 paper items, 10 metal, 
five glass container types, five wood categories, 
four plastic, and on© textile. These were rated in 
12 areas: two for sanitary landfill, five for in- 
cineration, two for composting, and two for sal- 
vage (Tab)e 81). /^together, then, 480 separate 
rating judgments were made. How these separate 
ratings were used to determine a single average 
value for all packaging materials in all processes 
will now be outlined, Metals will be used to 
illustrate the procedure. 

*Some of the limitations of the definitions used are 
pointed out elsewhere; see pagea 124 and 139. 



Step It Ratlttg 

Materials were first rated in accordance with the 
criteria laid down in the rating definitions, The 
rating work sheet for metals is shown as Table 86. 
Note the weight (relative importance) factors 
assigned to each subcategory under each process. 

Step 2: Consolidation 

Using the values shown in Table 86 and the 
weighting factora assigned to each subcategory* 
a single composite value waa calculated for each 
material under each process. These composite 
values were then entered on Table 87. 

Steel cans, in sanitary landfilling for example, 
are rated 100 for density, 100 for compactibility, 
and 300 for degradability. Weighting these by 
the relative importance factors assigned to each 
of these process subcaie^orie^ yields the following: 

100X0.05= 5 
100X0. fi0= 80 
300X0.15=- 45 
Total =130 

Thus, the resistance of steel cans in sanitary 
landfilling is 130, falling between excellent and 
good. This value is inserted in the "Value** 
colunm under Landfill on Table 87. Identical op- 
erations were performed for each material and 
for each process. 

SiepS: freighting by Market Share WHhIn Categories 
Steel cans are an important part, but by no 
means the only part, of metals in packaging* On a 
tonnage basis, steel cans in 1966 represented 72.3 
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percent of total metals. In consequence of this, 
in order to arrive at an overall resistance value for 
all metal packaging materials in sanitary landfill- 
teg, for example, only a portion of the steel can 
resistance value can be counted or 130 X 0.723, 
which equals 94.0. Thus, steel cans in sanitary 
iandfilting contribute 91.0 points toward some final 
value between 100 and 500 for all metals in sani- 
tary landfilling. 

Table 87 also shows how index numbers for all 
metal products in all processes were obtained. 
This operation was performed for alt materia] 
groupings. The results are summarized in Table 88. 

Step 4: Calculation of the Index 

In 1966, paper and paperboard represented 
54.75 percent of total packaging materials ton- 
nage. Incineration of all kinds accounted for 14 
percent of all waste disposed. Paper had a resist- 



ance value of 150 in incineration in that year. 
0>n8equently, in order to arrive at an overall 
resistance value for all packagteg materials in all 
processes, only a portion of paper's resistance 
value in incineration can be counted toward the 
total for all materials* The portion is determined 
by multiplying paper'a resistance value in inciner- 
ation (150) times paper's share of total tonnage 
(54.75 percent) times incineration's share of total 
waste tonnage (14 percent). This results tn the 
followjnjg calculation: 150 X (0.5475X0.14) =^11.5. 
In other words, that portion of paper which passed 
through incineration contributed 11.5 points 
toward a final figure, between 100 and 500, for 
packaging materiaU as a whole. 

The same weighted adjustment technique was 
used for each material grouping in each process to 
establish a final index value for packaging mate- 



Table 87. — Disposahility resistance caladaHon: AfeCa/si 1966 



Produrt 



Optn dump 



UndfiU 



lociacralton 



Compottinf 



and eonv^iSoa 



Sbarc of — — ~. 

totaU" Value b Indtx* Valued Indei « Valu6 ^ lad«ft « Value b Inde& « Vaiu« ^ Index* 



Aluminum cans and ends 

Collapsible tubes. . , 

Rigid aluminum foil containers. . 

Aluminum foil converted 

Steel drums and paiU ^ 

Metal strapping 

Gas cylinders 

Metal caps 

Metal crowns. . . , 



Index number. 



0. 723 


100.0 


72.3 


130.0 


94.0 


476.0 


3U. 1 


460.0 


332.6 


250.0 


180.3 


.023 


100.0 


2.3 


145.0 


3.3 


476.0 


10.9 


460.0 


10.6 


250.0 


5.8 


.002 


100.0 


.2 


1*5.0 


.3 


476, 0 


1.0 


460.0 


.9 


500.0 


1.0 


.006 


100.0 


.6 


145. 0 


.9 


476. 0 


2.9 


480.0 


2.9 


250.0 


1.5 


,019 


100.0 


1.9 


145.0 


2.8 


476.0 


9.0 


480,0 


9,1 


400.0 


7.6 


.115 


100.0. 


11.5 


290.0 


33.4 


486.0 


55.9 


'480.0 


55.2 


100.0 


11.5 


.057 


100.0 


S.6 


370. 0 


20.7 


486.0 


27.2 


480.0 


26.9 


100.0 


5.6 


.008 


100.0 


.8 


450,0 


3.6 


496.0 


4.0 


480.0 


3.8 


400.0 


3.2 


,018 


100.0 


1.8 


130.0 


2.3 


476.0 


8.6 


460.0 


a 3 


500,0 


9.0 


.029 


100.0 


2.9 


130.0 


3.8 


476.0 




460.0 


13.3 


500.0 


14.5 


1.000 




99.9 
100. 0 




165. 1 
170.0 




463.6 
460.0 




463.6 
460.0 




240.5 
240. 0 













■ On (he b««!« of tonnage cfaare. 

b Valura from Table 86 compriaiDt the weiibtcd average of the cate> 
fork«; «p«xi dumpios «arHt» tut value of tOO throucboul. 



• [ndei U derived bf multiplying tbare of total market hf value aumbec. 
Source: Midweat Research Inttitnte. 



Tablk 88. — Diiposability resistance values of major material groupings by disposal process: 1966 





Material 


lodnefa* 
lioa 


Saniiarjr 
taad&tUog 


Dumping 


Compotting 


Salvage 
• 








160 


100 


230 


210 


Metals 






170 


100 


460 


240 








160 


100 


360 


240 


Wood 






270 


100 


180 


450 








270 


100 


480 


330 


Textile* 






120 


100 


180 


250 



Scarce: Midi«e»l HeseAtch [catitute. 
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rials in 1966. The calculations are summarized 
in Table 89. They show that the Resistance Index 
for aU packaging materials in all processes in 1966 
stood at 132.5. 

Th^ procedure outlined above was repeated for 
1976 on the basis of forecast 1976 packaging 
material and disposal process shares. Tables, 
ratbg work sheets, and calculations for both 1966 
and 1976 are included in the Appendix. 

HmUaiions and Fumre Opportunities 

Although the methodology developed for this 
analysis has been found generally satisfactory for 
a good over-view type evaluation of the disposa- 
bility of packaging materials, we want to acknowl- 
edge and discuss certain limitations in the hope of 
suggesting opportunities for improvement. 

Under the present scheme* materials are placed 
in one of five categories (excellent, good, etc.) 
corresponding to numerical values (100, 200, etc.). 
This is a very broad categorization which cannot 
be used to disiiJDguish adequately between two 
materials of the same rank. For instance^ glassine 
paper and container board are both ranked 
"good" in conipactibility: both exhibit good 
deforming characteristics and considerable spring- 
back. However, there are considerable differences 
between the physical properties of these materials^ 
especially when wet; and these are not recog- 
nized by ranking both at 200. Similar differenc- 
may be noted^ for instance* between wirebound 
boxes and tight cooperage: botli rate fair in com- 
paclibility, but tight cooperage is far more 
dilBcult to handle due to its construction than a 
wirebound box, The rating scheme used, however, 
does not permit ranking of these items one against 
the other. 

The refinement limitation is dictated by two 
factors: first, insuflicient empirical data are 
available to permit making fine distinctions in all 
cases — although, of course, distinctions can be 
made in some instances. Second, the extremely 
large number of configurations (especially in paper, 
glass, and plastics) would necessitate an unjusti- 
fiably great survey effort in identifying the in- 
dividual configurations and would require thou- 
sands of analytical judgments to be made to de- 
termine values for such small subcategories as 
reinforced pressure sensitive tape or pressed pulp 
egg cartons. 



It is also impracticable to attempt to reflect 
expected 1966-1976 changes in the disposability 
of materials themselves (e.g.* stronger bottles* 
more coatings on paper* etc.). Improvements and 
deteriorations identified in our study will not be 
great enough to cause a change in the valuations 
assigned to materials under the present rating 
definitions. 

Another limitation is in the area of disposal 
processes. For instance^ for the suke of simplicity* 
it was assumed that all materials burned in 1966 
were burned in well-operated special purpose 
incinerators of the municipal type (operating at 
temperatures of 1300 F and above). This, in 
fact, was not v*e i ase and consequently the rating 
mechanism is m veal is tic insofar as it applies to 
waste tonnage which passed through primitive 
residential backyard burners. In this case also, 
lack of detailed information (about the number of 
backyard, household, and conical burners and 
their characteristics) was a limiting factor. 

Our work to date suggests that systematic 
evaluation of all waste materials — from packaging 
and also other sources— <^ould be established on a 
process-by -process basis by undertaking refine- 
ment of the broad-gauge rankbg system outlined 
here. Such an evaluation would involve the gather^ 
ing of comprehensive field data on processes and 
on the behavior of various major waste materials 
in tho dominant processes together with labora* 
tory testing to establish new information where 
historical data arc not available. On the basis of 
such investigations, a refined system of rating 
definitions could be established and made the 
foundation of a much more comprehensive 
evaluation system. 

Analysis of Findingn, 1966^1976 

Summary: To state our findings very iSricfly, 
packaging materials— on an average — will be 
more difficult to process as waste in 197o than in 
1966. The difference will be due primarily to 
changes in processing methods used* DifFicultiea 
associated with changes in packaging materials 
themselves will cause only a very minor increase 
in the Resistance Index. 

The Resistance Index as calculated for 1966 is 
132. The 1976 Index will be 148, representing an 
increase of 16 points. Of this increase, 15 points 
(94 percent) will be due to changes in processing — 
more incineration and landfiliing* less open dump* 
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Ing. The remaining point (6 percent of the total 
increase) will be attributable to changes in 
materials: mor^ paper, more plaBtics» less metal 
per average ton of packaging materials, and such 
changes within single categories as more non- 
returnable bottles and fewer returnable bottles^ 

It is clear that, viewed as a whole, packaging 
materials as such will only be slightly more resist- 
ant in 1976 than in 1966 if disposal processes 
remain unchanged. Disposal process distribiAions 
are expected to change substantially^ and the 
direct technical resistance of materials measured 
by our index will bcrease markedly < Sbce the 
technical resistance is related indirectly to costs, 
overall costs will also be trending up. 

Ranking of Materials and Processes 

l^bich packaging materials are least resistant to 
^ pi'ocessing? And which process can handle the 
average mix of packaging materials of 1966 and 
1976 with least difficulty? This section attempts 
to answer these questions on the basis of 1966 
and 1976 Resistance Index Calculations (see 
Appendix). 

The relative influence of processing on ma- 
terials id shown in Table 90; the influence of 
raaterials on processbg in Table 91. In these two 
tables, resistance values are shown in terms of 
either materials or of processes. It is interesting 
to note that processing changes will result in 
increases in disposal resistance ranging from 5.9 
percent to2i.4percent depending on the material. 
Changes in materials, on the other hand, will 
result in decreases in procest^ing difficulty of 2.5 
percent in salvage/reclaiming and increases of 2.9 
percent in sanitary landfilling. 



Table 90. — Effect of disposal process on disposability 
resisiance index 6y materia!: 1966 and 1976 • 





1966 


1976 


Percent 
iacre«ie 
OTef 1966 


Paper and papf rboard 


114 


123 


7.9 






185 


15.6 


Glaw 




187 


14.7 






157 


16.3 


Plaatics 


145 


176 


21.4 






126 


5.9 



* BiMd oa 1966 «ad 1976 wriibtH <{Upo«4l proceMe*. 
Sottrc«; Midwett Re«e«rcb tntiitute. 



Tablb 91.— Ejfecl of packaging nuaerials on disposability 
resistance index by disposal process: 1966 and 1976 • 



ProccM 1966 1976 cbiDge 

over 
1966 



Incber Ation 268 267 — 0. 04 

Sanitary landfill 174 179 2.9 

Open dumping 100 100 0 

Composting 290 292 .7 

Salvage and reclaim 244 238 —2.5 

• Biied on 1966 and 1976 pAckisini znaterUl dUtributk>o. 
Source: MUJwett Retearch Institute. 

The index values shown in these two tables 
illustrate the relative resistance associated with 
materials and processes. For instance, paper and 
paperboard is the most easily disposable packag* 
ing material category both in 1966 and 1967. 
Glass is the least in both years. 

The relative ranking of each major material 
category in the years 1966 and 1976 remams 
unchanged: 

1. Paper and paperboard. 

2. Textiles. 

3. Wood. 

4. Plastics. 

5. Metals. 

6. Glass. 

Turning to processes, the **be8t" process (in the 
sense that materials ofTer least resistance when put 
through it) is open dumping. Sanitary landfilling 
comes next. Materials resist composting most. 
Processes are ranked as follows on the basis of our 
calculations in both years ^ 

1. Open dumping. 

2. Sanitary landfill. 

3. Salvage and reclaim. 

4. Incineration. 

5. Composting. 

Here, once more, the relative changes in the period 
1966 and 1976 are not uniform: incineration and 
salvage values actually decline; the sanitary 
landfill value increases (nearly 3 percent) along 
with the compost value (0.7 percent), and open 
dumping remains the same. It should be noted 
that the third-place rank of salvage and reclaim 
is probably unrealistic. Since the index measures 
technical resistance, not economics, salvage re- 
ceives a fairly good rank; closer analysis of this 
process indicates, however, that market accept- 



142 



PACKAGING 



anee of salvaged materials is poor, owmg to the 
low costs of virgin materials. 

Another method of ranking materials is pre* 
seated in Table 92. Here, the relative dominance 
of material groupings (in tons) is compared to the 
the con'tribution of these materials to the Resist- 
ance Index valued in two years, 1966 and 1976, 
Only two materials^ paper antl textiles, contribute 
proportionately more to total tonnage than to 
difficulty. The table also shows that while the 
resistance of paper and textiles is decreasing, 
those of all the otiier materials are increasing. 
Table 93 expresses these same relationships in 
terms of disposal processes. 

It should be kept in mind» in viewing these 
ranklngSy that they are based on packaging mate- 
rials and their resistance only and do not purport 
to pass judgment on the overall efficiency or 
acceptability (from a health standpoint) of proc- 
esses nor on the overall disposability of all waste 
materials. 



Comparative Resistance Values of Nine Disposal 
Process Cases 

Up to this point, the analysis has been based 
entirely on forecasts of changes between 1966 
and 1976 which we judge to be the most probable. 
For the sake of interest, however, additional 
analyses are presented below which are based* on 
possible but less probable developments. 

The most significant expected change in proc- 
essing, in our view, will be the progressive 
elimination of open dumping across the nation. 
For this reason, all cases trace the effect on the 
Resistance Index of the virtual elimination of 
dumping. The open dumping burden must be 
absorbed by other processes, and our analysis 
shows what may be expected, as incineration and 
sanitary landfdling are called upon to accom- 
modate wastes which were formerly dumped. 
Table 94 shows the percentages assigned to the 
processes under the assumptions and, in the last 



Table 92. —CompatiMn of packaging materials and their contribution to lolunte and resistance: 1966 and 1976 







1966 






1976 




Malm«l 


Contribution 


Cofilribution 


Ratio 


ConlnbutioQ 


Cooirtbutioa 


Ratio 




to totti 


to 1966 


lonna&e to 


to total 


to im 


toonage to 




toaatgt 




reatjtaoce 


tODHAje 


reaUtance 


reaif lanee 




(pcrcenl) 


index (percent) 




(percent) 


lodeK (percent) 




Paper and paperboard 


54. 75 


47.08 


1.16 


56.86 


47.47 


1.20 




15.56 


18. 79 


.83 


12.96 


16. 75 


.77 




17.91 


22.04 


.81 


18.32 


23. 73 


.77 


Wood, 


8.83 


8, 98 


.98 


6.81 


7. 22 


.94 




2.39 


2.62 


.91 


4. 82 


5. 72 


.84 




55 


.49 


1.12 


.23 


.20 


L15 


Total 


100.0 


100. 0 , . 




ioo:o 


100.0 





Source: Midwest Reaearch InatUute. 

Table 93. — Disposability processes and their contribution to materials handled and resistance: 1966 and 1976 







l%6 






1976 




Proceaa 


Proporl»oo 
ol tota{ 


Conlributian 
to 1966 


Ratio total 


ProportioQ 
Ol total 


CoDtnbutk>ti' 
to 1976 


Ratio total 




waite 

bandied 
(percent) 


reaiatance 

index 
(percent) 


waste to 
retiatance 


traite 

bandted 
(percent) 


realatance 

index 
(percent) 


waate to 
realatance 






28. 34 


0.49 . 


18.0 


32.51 


0. 55 




5. 0 


6. 55 


.76 


13.0 


15. 78 


.82 




77.5 


58.48 


1.33 


64. 0 


43. 30 


1.48 






1. 10 


.45 


1.0 


1.98 


.50 




3. 0 


5. 53 


.54 


4.0 


6.43 


.62 




100. 0 


100.0 




100. 0 


100.0 





Source: Midweat Reaearch InBtitute. 
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Table 94. — Influence 0/ dispaal proce$$ $hart on the dUposobiliiy resiitance indexi 1976 



t*rdceM «hAr« In percent 



ProctM Actual locr««BiDff um of Incre4i«tnf um of lacreatlnic Ut6 of 



lacinergtion.. 18 38 58 78 18 18 18 28 3B 4$ 

Sanitary tandmiing 13 13 13 13 33 S3 73 23 33 43 

Open dumping. 64 44 24 4 44 24 4 44 24 4 

Compoeting. 1 1 1 1 1 l i 1 1 1 

Salvage, 4 444 444 4 4 4 



Total.. 100 100 100 100 100 100 100 100 100 100 

Index 148 181 215 248 164 180 195 170 197 222 



Sour««; MidwMt RcMarcb lottliute. 



lme« the index values calculated for each aBsump- 
tion. 

The resistacices associated with increase iu- 
cineratioa are higher than those associated . with 
increased landfilling. Consequently, open dump- 
ing volume which is diverted to landfilling shows 
lower resistance than in a case where incineration 
absorbs the tonnage previously dumped. Keeping 
in mind that resistances calculated here are guides 
to direct comparative costs of disposal, this And* 



ing is exactly what one might expect in that 
incineration is a more costly disposal route than 
landiiUing. 

This brief analysis points out one of the poten- 
tial merits of a rating system such as the one used 
here for planning future disposal facilities. It is 
conceivable that the system presented here could 
be refined to a point where it would permit 
accurate prediction of the least costly method of 
handling a future waste volume. 
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Mechanisms tor Mitigating Problems Caused by Packaging 

Materials in Waste Disposal 



INTRODUCTION 

A variety of activities which may result in the 
mitigation of problems caused by packaging 
materials in waste disposal are discussed in Part 
III of this report. Not all of the activities analyzed 
are considered desirable or practical. Those that 
do not appear worthwhile are nevertheless in- 
cluded in the discussion for the sake of complete- 
ness and in order to indicate the limits of practical 
intervention. 

Our method of approach is exploratory and 
begins with a formulation of the objectives that 
might be framed by the Public Health Service in 
relation to packaging. This is followed by a dis- 
cussion of the mechanisms whereby the objectives 
may be achieved. The mechanisms for achieving 
the objectives are then evaluated in some detail 
in tight of the objectives. In the next section, 
baniers to acbievement of the objectives are 
described. Finally, recommendations based on the 
analysis are presented. 

Before proceeding* we should like to attempt 
an answer to a fundamental question which may 
be raised in connection with this part of the report. 
The question is, **Why should a government 
agency take an active part in mitigating disposal 
problems caused by packaging?^* 

The answer derives from the nature of solid 
waste generation. Solid wastes, much like air and 
water pollutantst create a problem because their 
adverse effects are not automatically removed by 
the workings of the free market. This is best 
illustrated in the case of packaging by recalling 
that neither the manufacturer's decision to make a 
certain package nor the consumer's decision to 
purchase that package are influenced by con- 
sideration of disposabilily.* The market does not 
reward either parly for making or buying a highly 
disposabte package, nor are there economic sanc- 



*Di(kpos.abitily here refers to handlirtg the mdtf rial after 
a user has discarded it and haa no further use for the 
package, 
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tions attached to the use of a container which 
resists disposal processing* 

In order to influenca either the packaging in- 
dustries or the consumer, economic rewards must 
be attached to containers which arc disposable and 
sanctions must be imposed on containers which 
resist disposal processing. Since neither packagers 
nor package buyers are likely to impose such re* 
wards and sanctions voluntarily, the intervention 
of a third party is essential to remove what econ- 
omists call the "external diseconomies" which 
packaging creates in waste disposal. 

The Federal Government is only one of several 
sucb third parties. While the following discussion 
concerns itself primarily with action on the federal 
level, appropriate activities could also be pursued 
on a regionaU *tate» or municipal level. Even 
privately operated waste disposal corporations 
and citizen^s committees coiJd fidfill the "third 
party^^ role, although their effectiveness would be 
limited and the impacts of their actions on the 
packaging industries would be negligible. 

Formul ation of Obj ect ives 

If one were asked to sum up in a single word 
the basic problem which packaging materials 
represent for waste collection and disposal facility 
operators, that word would bo "cost." Packaging 
materials are a relatively recent largo volume 
waste product, whose handling can increase solid 
waste collection and disposal expenditures. In- 
creased costs may show up as a requirement for 
more collection equipment, the need for a larger 
labor force^ as a requirement for new landfill 
sites, as liigher maintenance and labor coats in 
incineration, and as a requirement for the addition 
of air pollution control equipment. 

If packaging materials represented a health or 
safety hazard^ the justification for government 
action aimed at packaging would exist without 
question. However, with some very minor ex- 
cept ions--- poly vinyl chloride materials which 
decompose into chlorine compounds when 
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burned — packaging materialB do not represent a 
health hazard. They may give rise to air pollution 
if they are burned in incinerators which are 
improperly operated. But pollution is created by 
the incinerator operator, not packages. Glass or 
metal containers thrown away carelessly may cut 
tires or people's feet. But here again, the fault 
lies with those who litter* not with container 
manufacturers. Finally, food wastes or chemical 
residues left in containers can create ground water 
pollution or serve as nutrient to insects and 
rodents; in such instancest also, the containers 
do not cause the health hazard. 

Public Health Service activities related to 
packaging must« consequently, encompass these 
economic objectives. Objectives which embrace 
all basic economic problems created by packaging 
can be formulated as follows: 

(1) Reduce the quantity of packaging materials 
used, thereby reducing the quantity of such wastes 
which must be transported and handled. 

(2) Reduce the destruction of valuable natural 
resources. 

(3) Reduce the technical difficulty of handling 
such wastes in disposal or salvage facilities. 

(4) Dispose of solid wastes more effectively and 
efficiently by known methods such as landfill and 
incineration and by new approaches to solid waste 
processing. 

MECHANISMS FOR ACHIEVING 
OBJECTIVES 

Generally, mechanisms for achieving the ob- 
jectives outlinc<1 above are: regulation, creation 
of incentives. Imposition of taxes, pursuit of 
appropriate research and development efforts, and 
educational efforts. More specificaHy; the follow- 
ing activities appear suited to each objective. 

Reduction of the Quantity of Packaging 
Wastes Generated 

There are two ways in which the quantity of 
packaging materials which end up as waste can 
be reduced: (I) regulation of the packaging indus- 
try to eliminate "overpackaging" and (2) regula- 
tion forcing the reuse of containers or recycle of 
the materials for reprocessing. 

"Overpackaging," as used here* refers to a 
tendency in retail commerce to i»ac more packaging 
than is absolutely necessary for product contain- 
ment and protection* As used in industry, the 



term refers to quality rather than quantity; in 
industrial jargon, a product is overpackaged when 
a more costly material is used than is necessary. 

It is our conviction that many products are 
overpackaged in the sense that quantitatively 
much more packaging is used than is necessary. 
Potato chips in bags are sufficiently packaged. 
They need not also be in boxes or tins. There 
is, similarly, no technical justification for packag* 
ing many smalt, durable items on display boards 
via blister or skin packaging; however, there are 
commercial reasons for doing so. 

Concerning reuse and recycle, it should be 
noted that most packages cannot be reused be « 
cause they are not sufficiently durable or they 
become contaminated during use. Recycling is 
theoretically more possible if adequate technology 
for separating and reprocessing of materials Is 
first created. That is, with the exception of return- 
able containers as such, if the packages are reduced 
to their raw material state they can be used 
again. 

Conservation of Natural Resources 

To accomplish this aim, three means seem 
suitable: (I) prohibition of use of certain materials 
in packaging applications; (2) regulation requiring 
that containers be made of speciHed materials 
and be returnable and reusable; and (3) improve- 
ment of salvage and conversion by making packag- 
ing waste more salvable; by rewarding those 
who use secondary materials or, conversely, by 
taxing virgin resources; development and use of 
more salvable materials; and by aiding salvage 
operators. 

This objective overlaps f^^mctthat with the 
first one — reduction of the quantity of packaging 
materials which must be handled. The chief 
difference between the first objective and this 
one is in point of view. Wliereas it may be difficult 
to justify government action for the purpose of 
regulating industry and thus aiding disposal 
facility operators, it may be possible to justify 
action on the grounds that vital national resources 
are being wasted needlessly. 

Reduction of the Technical Difficulty of 
ifandltng Packaging Wastes in Disposal 
Facilities 

Three ways of achieving this objective can be 
identified: (1) modification of packages to give 
them characteristics which better fit disposal sys- 
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tern requirements; (2) elmiination of materials 
Which are "undesirable;** and (3) development cf 
tiew dispoeal technology which can handle packag* 
log wastes with less trouble and cost. 

Package modification may be accomplished by 
one or more activities, among them educatiotifAl 
.effortSt development of new design criteria, R&U 
effort^ and use of the government's purchasing 
leverage. This is a potentially promismg approach 
to mitigating some problems created by packaging 
in waste disposal. 

Elimination of undesirable materials, by what- 
ever means, implies thorny legal and administra* 
tive problems which will be fully treated below. 

Development of new disposal technology gen* 
erally falls outside the scope of this analysis 
since packaging materials represent a small part 
of total waste, and process development must 
take all wastes into account. 

EVALUATION OF iMEOfANISMS 

Meehanisms for achieving the objectives in- 
clude: (1) support of research and development; 
(2) educational activities; (3) incentives and sub* 
sidles; (4) taxes; and (S) various forms of admin- 
istrative regulation. A detailed discussion of each 
mechanisms will be presented* 

Research and Development 

R&D can be performed by the Public Health 
Service in^house; research by qualified profit, non> 
profit, and university groups can be supported by 
contracts or grants; fmally, R&D activity in 
industry can be aided, supported^ or encouraged* 

In relation to packaging, research and develop* 
ment can be oriented toward three basic areas: 
development of materials wliicb are more easily 
disposed of, separated, and reused; development 
of a technology of salvage and reuse; and develop* 
ment of disposal technology that will be capable 
of handling packaging wastes without trouble. 
Tills last area of research appears to be tHe most 
promising, but as previously mentioned is outside 
the scope of this analysis. Research devoted to the 
improvement of salvage technology would also 
be promising. 

Materials Research 

I^ast fruitful, in our view, would be effort 
expended on changing the characteristics of pack- 
aging materials. The primary reason for this is 



that exactly those characteristics which make a 
package didicult to handle in disposal are those 
which make it desirable as a package. (Tkh in j^ 
way of saying that any container which is ea«iily 
disposed of is a poor container; and while such a 
generalization could not be applied to all packages, 
it is applicable to those packaging categories 
which create difficulty in disposal. 

Changes in materials and containers which 
would be desirable from a disposal point of view 
are thesej 

(1) P/asffcs— should have better burnuig rates 
so that they will not create trouble in incineration; 
should be degradable in soil; should be made 
easier to separate by some mechanical means, 

(2) Steel— i( tin and lead were eliminated from 
steel cans the steel would be more acceptable for 
salvage; nonferrous metals (aluminum ends on 
steel cans) make the steel less acceptable in 
salvage; containers should be made in such a 
manner that they can be flattened, crushed, or 
collapsed with modest pressure by the housewife 
without use of tools or machinery. 

(3) ^/ammum"Currently two or more types of 
aluminum alloys are used to make a can; a single- 
alloy can would be more desirable from the 
salvage point of view, 

(4) Poper— synthetic coatings (clay, plastics) 
and photogravure inks create problems in re- 
pulping or deinking; coatings and inks should be 
created which provide presently obtainable char- 
acteristics but do not cause problems in reuse of 
the paper, 

(5) C/ajj— containers should be easier to break 
without losing their strength in use; when broken, 
glass containers should fall apart into uniform 
pellets, not slivers and shards that create safety 
hazards. 

As can be seen from the above, some of the 
desirable characteristics are not obtainable with- 
out significantly changing the molecular structure 
of the materials, thereby changing their vital 
characteristics (more flammable plastics and new 
paper coatings). To change other characteristics 
would call for the creation of new container 
types which would cost considerably more than 
currently available packages (glass and collapsible 
steel). Yet other changes are much more prac- 
tical— tinless steel and single alloy aluminum, 
which are already beginning to be used com- 
mercially in packaging. 
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While research directed at achieving some of 
these changes is justified/ particularly if the 
material modi ficat ion wouhl aid in tlie recovering 
of packaging materials for reuse, we believe that 
H&D expenditures on the development of disi>osal 
or salvage technology would be more fruitful. 

Most of the difficulties created by packaging 
are due to inadequate technology or the absence 
of technology in waste disposal. So long as wastes 
are landfilled without prior shredding and grind- 
ing, glass, plastics, and atuminum contamera will 
be deposited in unaltered form and will retain their 
form. Ground up thoroughlyi small bits of glass» 
metal, and plastics would be much more acceptable 
as fill material, even if they did not degrade or 
decompose. In incineration, more sophisticated 
combustion techniques could eliminate problems 
caused by plastics. Or separation of plastics by 
some automatic means followed by separate 
burning in specially designed incinerators to 
alleviate the problems of grate fouling which are 
encountered when shock loads of plastics are 
burned could be used as a solution. In the same 
vein, development of effective, low cost, automatic 
materials separation technology would be a more 
practical aid to composting than development of 
degradable plastics— and would probably be less 
costly and more likely to succeed as well. 

Public Health Service research efforts aimed at 
packaging materials and containers should be 
restricted, in our view, to encouragement of 
industrial developmental work to bring about 
early commercialization of tin*free steel cans, 
single alloy aluminum, and new pap^x c^^^tings. 
All of the3e developments would aid salvage. 
Other desirable materials changes which would 
make packaging easier to dispose of appear to 
call for inordinate K&D efforts. Once materials 
with the desirable characteristics are obtained 
in the laboratory, they would have to be demon- 
strated as economic alternatives to existing 
materials. Finally such R&D effort may turn out 
to be unimportant as disposal technology is 
improved. 

Salvage Technology Research 

The research goal most worthy of pursuit would 
be the development of automatic materials separa- 
tion techniques. At present, only steel cans can 
be separated from waste effectively, using mag- 



nets. Air float systems can be employed to sort 
out light materials—but plastic films and paper 
are indiscriminately mixed in such systems, 
Inertial and ballistic systems can sort out heavier 
nonferrous materials, but these too produce mix- 
tures of glass aluminum, plastics, wood, etc. 
To achieve effective separation, invariably involves 
hand sorting of wastes, which is a costly activity 
and unappealing to the workers. 

Absence of systems which could selectively 
and automatically separate wastes is one of the 
real bottlenecks in waste handling and reuse* 
Development of such a technology would seeitt 
feasible and would involve the mating of tech- 
nologies developed in several industrial activities: 

(1) sensing techniques used in the process in- 
dustries, aerospace, and medical electronics; 

(2) materials handling technolog)v developed for 
agriculture (automatic harvesters); for food 
handling (e.g., American Machine & Foundry^s 
automated short-order kitchen); for packaging; 
for metals fabrication, etc.; (3) computer and/or 
numerical control technology used in metal 
working, electronic data processing, and proce^ 
control; and (4) materials tagging, marking, and 
tracing techniques. 

Research efforts in this area would involve 
identification of sensing techniques which could 
recognize and classify waste materials with little 
or no modification; marking of those materials 
which cannot be sensed, for example, by infrared 
sensitive materials; and combination of sensing 
techniques with materials handling equipment 
in an operating system. Feasibility of such a 
technique could be explored in phases, and we 
recommend that Public Health Service undertake 
or contract for the first phase of this research, 
a state-of-the-sensing'art evaluation performed 
to discover the match between existing technology 
and segregation requirements in waste handling/ 

Some strides have recently been made in waste 
materials preparation and handling equipment in 
steel with the advent of the Proler steel Shredder* 
Support by the Public Health Service of similar 
endeavors to improve waste materials handling 
would be appropriate to improve salvage. An 
example of such effort would be funding of an 
ongoing effort to develop a waste paper ehredder- 
pelleter which promises to automate container- 
board reuse by reducing these containers to 
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uniform pellete.* These bulky containers are lypi- 
catly shipped in bates, stacked in tall piles in 
warehouses, and conveyed from point to point 
by fork-lift trucks. 

Other activities to improve salvage technology 
knight include development of processes for sepa- 
rating plastic coatings from paper and automated 
sorting of glass and plastice by color. 

Educational Efforts 

Educational efforts, some formal some infonnali 
are ftkeady under way under the auspices of the 
Bureau of Solid Waste Management, Public 
Health Service. In what follows, specific programs 
will be discussed and directed at three groups: 
industry, includbg sanitary facility operators; 
the consumer; and governmental agencies within 
the federal establishment. 

The objective of all of these efforts should be 
to disseminate, exchange and/or develop in suit- 
able form information concerning packaging ma- 
terials and their performance in waste disposal or 
salvage facilities, on the assumption that the 
recipients of the information will voluntarily 
modify their activities as soon as they clearly 
perceive the probtems involved. 

The above assumption is optimistic but sound. 
Many of the individuals and organizations in- 
volvcd in packaging, directly or indirectly, face 
constraints other than lack of information. These 
constraints will not be removed by educational 
efforts, and the actions of those involved may 
consequently not be modified. But in those in* 
stances where the primary constraint is ignorance, 
educational programs can be expected to be effec- 
tive, especially if they are combined with other 
activities such as disincentive programs, regula- 
tion, supporting research and development, and 
incentive programs. 

industry Programs 

To produce packages which are easy to process 
in disposal facilities ha^ not been one of the 
traditional aims of package manufacturers. At 
least one reason for this has been a general lack 
of information about the disposal problems pack- 
ages can cause. Another has been public apathy 



^Detailed information concerning thia machine may be 
obtained from the National Commitlec for Paper Stock 
Conservattoo, Chicago, lilinoU. 



concerning the entire question of waste generation 
and waste disposal 

In recent years, public interest in solid waste 
has been aroused. The popular press is full of 
articles on this subject. Some have viewed the 
problft^m with alarm, have suddenly discovered 
the "crisis" proportions of solid waste generation, 
have warned that we will be inundated with 
empty beer cans, plastic bottles, and soft drink 
bottles, etc. 

The trade press has also been active in present- 
ing the subject from various angles. At the same 
time, the establishment of a federal-level pro- 
gram — the Bureau of Solid Waste Management 
of the Public Health Service^to aid in the solu- 
tion of pressing waste disposal problems has raised 
the subject to national prominence. 

Keep America Beautiful and other organiza* 
tions have existed for some years through the 
support of industry. The prunary thrust of their 
activity is directed at litter. More recently, several 
major packaging companies have assigned full 
time staff members to direct attention to other 
aspects of solid waste besides the more common 
emphasis on litter. The Glass Container Manu* 
facturers Institute in 1967 added a f uU time 
'^manager of environmental pollution control pro* 
grams.*' Another industry group — a "Materials 
Research Council*' — was formed in late 1967 to 
evaluate actions that industry might take to deal 
with packaging solid waste. This latter group is 
composed of representatives of several major pack* 
aging companies. Other industry associations have 
special committees or groups to evaluate the role 
of packaging in solid waste. However, they are 
mostly concerned with litter or have been limited 
to a brief survey of "the solid waste problem." 

To date these industry efforts taken as a whole 
are nominal. In some instances, the principal aim 
of industry action appears to be to counteract 
unfavorable legislation aimed at a particular ma- 
terial or container type. However, the majority 
of companies taking the initiative in this field 
appear to be sincerely interested in attackmg the 
problems in a realistic manner* 

Such voluntary efforts have considerable prom* 
ise in our opinion and should be supported to the 
fullest by the Public Health Service. The mech* 
anism for so doing would be educational programs. 

What might such programs accomplish? Per- 
haps the most important aim would be to remove 



152 PAC 

some of the nii^underdtantlings wliieh separate 
industrial and government ofTicials (at all levels)* 
Industrial leaders have a tendency to view all 
government action, however remotely connected 
with their activities, as a potential threat* There 
also seems to be a widespread conviction in 
industry that government officials connected 
with solid waste handling view tlie packaging 
industries as somewhat negligent or indifferent to 
dispo6al problems. The fact that both of these 
views can be substantiated with isolated e\ am pies 
does not help matters* 

The real root of these misunderstandings is 
lack of communication between industry and 
government. That is not to say that an open ex- 
change of views would remove some of the actual 
differences which exist between packagers and 
disposal facility operators. But so long as such 
misunderstandings exist, a rational approach to 
the reconcih'ation of dJffcfences remains blocked. 

It is our recommendation, consequently, that 
the Public Health Service take the lead in bringing 
together representatives of the packaging indus- 
tries and local sanitation officials* researchers, and 
federal and stale officials in regional conferences, 
symposia, and seminars. - 

The Public Health Service should endeavor to 
conduct such meetings in an informal, ofT-the- 
record atmosphere. The object of the meetings 
would be to air problems and grievances, to discuss 
research requirements, the constraints faced by 
the packaging industries, and similar pertinent 
subjects. We expect that the outcome of such 
exchanges would be favorable. They would lead to 
package mollifications undertaken voluntarily; 
to modifications of waste processing suggested by 
packagers, whose familiarity with their materials 
would aid processors; and to the improvement 
of recycling and reuse of waste materials. 

A second aim of educational programs would be 
to make available to all interested parties a 
sufficiency of existing information, in easily usable 
form, on waste disposal, packaging, and other 
appropriate subjects. At the present time, it is 
not possible to obtain on short notice and with 
little effort a summary of all publications on, say, 
the subject of incineration. To obtain such 
information requires the expenditure of con- 
siderable effort in searching the available litera- 
ture. If the aim of the investigator is to analyze 



the combustibility of plastics in numicipal 
incinerators, his task would be doubly difficult. 

To fulfdl this second aim, we recommend that 
the Public Health Service establish a Solid Waste 
Disposal Technology Information Center, oper- 
ated either as a free service or on a subscription 
basis. 

The Information Center would store all litera- 
ture on a variety of subjects pertaining directly 
or in an ancillary manner to solid waste tech- 
nology; tlius, in addition to literature on the 
technology of disposal and collection/ it would 
store data on the volume and character of wastes, 
waste generation, the composition and perform- 
ance characteristics of materials, health aspects 
of solid waste, information on special waste 
problems sucli as agricultural manures and 
building rubble, information about secondary 
materials markets, etc. Such a system could be 
designed as an extension of the Solid Waste 
Information Retrieval System (SWIRS) currently 
operated by the Office of Information of the 
Bureau of Solid Waste Management* 

Organization of the information should be such 
that comprehensive searches embracing more 
than one subject could be undertaken by the 
use of key words. This suggests that the system 
would have to be automated (if not computerized). 
Monthly abstracts of inputs could be published 
by the center to familiarize users with new infor* 
mation available. 

Periodic assessment of the data f^tored and of 
incoming information requests would reveal 
data gaps. These could be filled by appropriate 
investigations in-house or by outside research 
organizations; if data would be available from 
industrial sources, corporations could be requested 
to supply the information n**eded. 

Consumer Programs 

The programs ou timed above would reach 
principally industrial organizations including in* 
dustry associations and sanitary facility operators. 
This leaves out of account an important third 
party — the consumer. A widespread change in 
public attitudes toward solid wastes and package 
ing would do much to create a favorable environ- 
ment for mitigating problems created by packag- 
ing. In a section which follows on barriers to 
action, consumer attitudes are cited as an impor- 
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lanl deterrent to the acliieveincnt of Public 
Health Service objectives. 

The aim of any consumer education effort 
would have to be to create a uilliugness to co- 
operate with waste disposal orgaiii/ations and 
packagers in various ways. The campaign against 
litter is an example of such an effort. While not 
visibly effective except in isolated instances, 
it would be accurate to say that anti-litter 
education helps to curb the growth in littering 
and is effective in inculcating proper attitudes in 
children, who may be the litterbugs of tomorrow. 

Similar programs touching on other areas of 
waste disposal activity would also be effective. 
Among such programs might be efforts to create 
an awareness in the public mind of (i) the costs 
and technology of disposal; (2) the volumes of 
wastes generated, with special emphasis on pack- 
aging; (3) the ''squander" aspects of waste 
disposal; and (t) efforts to show how the consumer 
can help waste disposal facility operators (buy 
returnable containers/ flatten cans, crush non- 
returnable bottles and jars, support local programs 
of ftalvage and reclaiming, etc.). 

Such programs could be pursued best in coop- 
eration with voluntary private social service 
groups— Keep America Beautiful, Inc., National 
Educational Television Network, church groups, 
the Boy and Girl Scouts, etc. Public Health Serv- 
ice contribution to such efforts might take the 
form of supplying information, fdms, and financial 
assistance^ 

Inira*Government Information Programs 

There are five federal agencies which have a 
fairly direct influence on packaging: the Con- 
sumer and Marketing Service of the Department 
of Agriculture; Defense Supply Agency, Depart- 
menl of Defense; the General Services Admin- 
istration; the Food and Drug Administration, 
Department of Health, Education, and Welfare; 
and the Interstate Commerce Commission. 

None of these departments and agencies con- 
cerns itself with the disposability of packaging 
materials. At the same time, however, they have 
the power to influence packaging materials in 
various ways. 

For instance, polyvinyl cidoride plastics in the 
glass-clear form could not be used in food pack- 
aging until FDA approval of the material had 



been granted for the modifying additives used to 
obtain clarity. While this material Ikis been found 
acceptable by FDA under its present criteria, it 
is not a very desirable material from the waste 
disposal point of view when it is incinerated be- 
cause on burning the plastic decomposes into 
potentially hazardous chlorine compounds. Modi- 
fication of FDA licensing procedure to take into 
account potential material hazards arising in dis- 
posal might have prevented use of this material in 
food packaging. 

Intra-governmental information programs 
would have as their first aim to acqua/iU all those 
concerned with packaging, either in a regulatory 
role or as purchasers, with desirability criteria 
developed by the Bureau of Solid Waste Manage* 
ment. Public Health Service. Once this is ac- 
complished, cooperative effort to work out 
modified specifications and purchasing standards 
could be undertaken. 

What is proposed here is, essentially, educa* 
tional programs leading to regulatory action or to 
incentive type programs. FDA and Interstate 
Commerce Commission action, for instance, could 
be used to prevent the widespread use of unde* 
sirable materials or configurations—by withhold- 
ing permission to use a material in certain appli- 
cations or by influencing its transportability* 
Government purchasing, based on criteria which 
embrace disposability, would serve as an incentive 
for the development of packaging products which 
better fit disposal requirements. 

These programs, to be of maximum effective- 
ness, would take the form of interagency task 
forces or study groups and should not be restricted 
to the dissemination of documentary materials to 
agency staffs, although that may be a suitable 
first step. 

The effectiveness of educational efforts would 
be extremely difTicult to measure. For this reason, 
cost/effectiveness yardsticks would prove largely 
useless, with the result that justifying such pro- 
grams would be somewhat difficult. This would be 
particularly true in the case of expenditures on 
consumer education. However, the levels of ex- 
penditure involved would also be modest; For 
instance, a Waste Disposal Technology Informa- 
tion Center could probably be operated for under 
$200,000 annually (Table 95). Two-day regional 
seminars, if held on government property, could 
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prohalily he stageil for $7,000 each in expenses for 
program printing and mailing, audtovisnal sup- 
port, intra-city tran$(H)rtation, coffee, proiiuetion 
of proceed it}g8« and a concluding dinner for SO 
participants, 

'rABLi*: 95. — Kstimatvii annual cost of operating a ivnite 
disposal technolofiy infonnalion center 



I'rrsontiel and rquipmrnl 



Co«t 



Staff— salary and overhcail (3 senior aiialygta, 

1 sccreiary/clerk). . . , . . 1100,000 

Staff travel anil telephone . . / 50, 000 

Proiluciion, reproiluction, and mailing expenses. 15,000 
K«|iiipmenl allocation: 

Automate*! informalion retrieval system ^. 2,000 

Olhcr e<juiprncni « 500 

Tola! annua! outlay . 197, 500 



«.* ICicludt-i the co«U of «(udie» undrrlalipa to fiU data Kap« 

And tMuinrs an opt'rating lyaUtn. I'u-»t year oprraUnt; cosli would ht 
hiAer. 

^ $10,000 lyilrin. 5>)rear dfprecution. 

* iS.OOO in «<2uipiu<nt, lO-jrrar drprfcialion. 

Source: Midwrat Rr««arcK IntlUut«» 

Iiicetitives and Subsidies 

Various forniH of incentives have been used hy 
the federal government for decades to achieve 
desired objectives. In general, incentives in t!n*a 
analysis would he any expend iturcti of tax receipts 
made by the government> or use of the govern- 
inentV purchasing {)owcr, to hring alK)nt changes 
in packaging materials use or reuse. l'-x}>enditure8 
can he either direct (siihsidles, outright grants, 
price 8up[)ort) or indirect (tax credits). It is im- 
|>ortant to keep in mind tlironghout the following 
discussion of incentives that such measures can 
afso be viewed as imh'rect taxes. I or example, any 
incentive payment which results in increased use 
of waste paper is also a hidden lax on virgin pulp 
because the incentive helps to narrow the gap 
between the cos»ls of obtaining and processing 
these, two raw materials. 

The Question of Justification 
The basic difference hetween use of incentives 
and subsidies and regulatory authority is that 
incentive type programs are commonly used J)y 
the federal government to bring al>out. changes 
consi<lcre<} necessary for the puhJic welfare; whereas 
regulation is practiced only as a last resort. 

(Government ^disidy nf desalination develop- 
ment, atomic energy, the su{)er60inc trans[K)rt 



(SST), water treatment facility construction, 
solid waste <lis(K>sal technology development, 
highway construction, shiphuilding, agricultural 
price supports, and a host of other activities are 
examples of government use of tax funds to bring 
about changes in the economic and technological 
environment. Some of these activities are also in- 
direct taxes on commodities and services. Support 
of atomic power development, for instance, is an 
indirect tax on hydrocarbon fuels; subsidies of the 
shipbuilding industry are an indirect tarilT on 
more eflicient foreign shipbuilding companies 
which » given an unsupjmrted U.S. shipbuilding 
industry, might for a time capture all of the U.S. 
shiphuilding business. 

In view of this situation, justification of incentive 
type programs aimed at improving packaging 
material disposability and salvability should 
present no problems. 

incentives and Salvage 

Incentive type mechanisms appear to have the 
best chance of being effective in attempts to 
improve salvage. This, in turn, would result in a 
reduction of total packaging material tonnage 
entering the waste stream and would contribute 
to the conservation of valuable natural resources. 

Salvage and reuse have been declining in the 
United States because our natural resources 
abound and because virtually all raw material 
development efforts have been focused on the 
efficient winning, purification, and conversion of 
virgin materials. Kcsearcli and development 
work to utilize wastes and to process and move 
them efficiently has been minimal since the value 
of secondary materials has been low in relation 
to virgin materials, and scrap and waste handling 
organizations have consequently not had the 
incentives to improve their technology and to 
invest capital in innovative ideas. 

In order to increase significantly the quantities 
of waste materials which are used as virgin sub- 
stitutes, it would be necessary to bring about a 
series of changes and improvements in the second- 
ary materials industries which — had the nation 
suffered shortages in the past — would have been 
brought about by the natural workings of the 
market. The reasons for doing so are twofold: 
first* higher secondary materials use rates would 
ease the load on waste dis{>o8al facilities; and 
second, higher reuse ratios have to be achieved 
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as we stowly but inexorably approach the point 
where total demand from population increase 
and rising living standards at home and around 
the world begin to strain our virgin resources. 

Five specific ailments afflict the secoiulary mate- 
rials industries: 

(1) Collection systems are inefficient, inade- 
quate, or nonexistent. 

(2) Wherever practiced, collection is frequently 
sporadic except collection of materials with fairly 
stable markets like scrap iron and stelrl. 

(3) Materials handling technology---separation, 
reduction, storage, movement— is frequently in- 
ferior to analogous virgin materials handling 
technology. 

(4) Secondary materials prices are highly 
erratic, which discourages investments in new 
technology and prevents development of efficiently 
operalmg collection systems. 

(5) Secondary materials are inferior to virgin 
products b^ause they are less homogeneous and 
frequently polluted, and consequently they are 
not in demand as substitutes for easier- to*process 
virjgin stocks. 

Improvement of salvage generally would require 
an attack on all of these ills. Incentive type pro- 
grams could be used witii telitng effect to solve a 
number • of these problems. Cc^ilection systems 
could be established by subsidy of appropriately 
deployed existing organ^^^ations, for instance scrap 
companies, Goodwill Industries, Inc., the Salva^ 
tion Army, etc. Capital could be made available to 
secondary materials companies to improve their 
technology— better separation equipment, shred- 
ders, pelieters, balers, automated warehousing, 
and the like. Price supports for secondary mate- 
rials could be used to maintain a strong and con- 
tinuing collection effort regardless of price swings. 
Potential secondary materials users could be en- 
couraged to use, or use more of, such materials 
by subsidizing the necessary investments they 
must make in plants and facihties to store, con- 
vert, and/or purify such materials. 

Of these possible activities, two appear to be 
the most likely to result in a marked improvement 
at lowest cost: price supports of secondary mate- 
rials and tax credits for scrap processors and ma- 
terials-using indu5ilrics to stimulate their invest- 
ment in necessary secondary materials processing 
and using plant. Tiotii actions would have multiple 
effects. Tliey would make secondary materials 



more attractive to collect and process; they would 
assure a steady supply of these materials, thereby 
making them a secure source of raw materials; 
they would permit more careful segregation and 
pre-processing of wastes, thereby making them 
more attractive to buy; and they would provide 
the wherewithal for technological improvements. 

Today, an important barrier to waste reuse 
is the fact that prices paid for wastes are not high 
enough to permit their proceS8ing into truly useful 
commoilities. Ifeterogeneous waste paper, for 
example, cannot be sorted to the degree necessary 
at going prices. Similarly, repulping and deinking 
costs tend to be high unless the papers processed 
are already fairly well sorted. It thus becomes 
necessary, in order to improve this situation, to 
make up the differential between sales price and 
processing costs, leaving a margin for profit. 
Similarly, the plant and equipment needed to 
repulp these materials must be created. External 
action is called for to make the use of secondary 
materials at least comparable in attractivc-ness 
to developing virgin resources. 

The scope of this study did not permit detailed 
analysis of the secondary materials industries. 
Consequently, further investigation should be 
undertaken to establish exact levels of price sup- 
ports that would result in maximum recycling at 
an acceptable cost for each of several commodities. 
Such a study, however, should focus on all 
secondary materials, not just packaging wastes. 
Furthermore* the investigation should attempt to 
compare two alternatives: support of secondary 
materials reuse, giving appropriate credit for ma- 
terials conservation, and support of waste disposal 
facility operations. It may turn out that the latter 
course would cost less overall. 

Incentives to waste materials users and dealers 
could take two forms: (I) an investment tax 
credit, which would permit a corporation to deduct 
a specified percentage of an investment from in- 
come tax, and/or (2) an accelerated depreciation 
rale which would permit the corporation to write 
off the investment in a specified perioil of time, 
usually shorter than that allowed for a similar 
class of investment; an accelerated depreciation 
allowance may also include special provisions 
such as, for instance, a one-time additional 
depreciation deduction. 

Credits and allowances of this type may be 
given for construction of production plants which 
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use high proportions of waste, e.g., papcrboard 
mills anil electric steel fnrnaccsi and for purchase 
of waste hamlllng equipment sucli as slircdderSi 
balers, and the like. In this instance also, further 
investigation is in order lo ascertain the probable 
effects of various tax incentive programs. 

The two incentive type meclianisms discussed 
above have the merit that they could be applied 
on a national scale with relatively modest admin- 
istrative programs. Tn contrast to these programs, 
the use of incentives to improve secondary mate- 
rials coiiection by some direct metliod (price 
supports wouUl improve it indirectly) would 
require a considerable amount of investigation of 
collection practices in the large municipalities of 
(he nation. Investigation would have to center on: 
(1) the nature of existing collection systems, in- 
cluding such aspects as distance of the city from 
using industries; (2) identification of potential 
organizations Which might become bases for 
secondary materials collection activities; (3) 
assessment of the problems confronted by both 
groups o^ organizations; and (4) analysis of the 
incentives which may bring about changes in the 
locality. Most probably, separate programs tailored 
to the needs of each city would have to be worked 
out and administered. 

Incentive programs of the type discussed above 
would not be suitable to the modification of con- 
tainers to achieve packaging wastes which are 
less contaminated and consequently more salvable. 
Whereas contamination of wastes is due in part 
to such things as use of material combinations 
in packaging, they are no less due to the fact that 
wastebaskcts and trash barrels are used to hold 
every kind of discard, paper as well as plastics, 
cigarette ends along with apple cores, garbage 
and ashes, magazines and yard clippings. 

Government Purchasing Policy ns nn Incentive 

In 1966, the Federal Government spent $76.9 
billion on goods and services. According to the best 
available estimates— by Business and Defense 
Services Administration, General Services Admin- 
istration, trade associations, and private industry 
calculations — federal spending on packaging ma- 
terials was something in excess of $1 billion in 
1966, about $850 million in the form of packaging 
purchased as part of pro<lucts and commodities, 
about $150 million in the form of packaging 



purchased directly as containers, e.g., boxes, 
cans, pallets, etc. 

These expenditures, representing nearly 6 
percent of all packaging, were made for packaging 
products whose characteristics were laid down in 
comprehensive detail in specifications formulated 
by either the General Services Administration or 
the Defense Supply Agency of the Department of 
Defense, the agencies which purchase almost all 
products, commodities, and packaging used by 
federal agencies. 

The situation sketched out above points up 
the significant purchasing leverage exercised by 
the government which could be used as a direct 
force to influence packaging. By specifying the 
use of materials and container types most suitable 
for disposal, salvage, or both, government pur- 
chasing power could be employed to ensure that 
the government itself does not contribute to dis* 
posal diiliculty and squandering of natural 
resources. More importantly, however, such action 
could also have an important effect on nongovern- 
ment packaging by creating the base for tech- 
nological innovation. 

To give one example, it would be possible to 
spur commercialization of a tin -free steel can by 
specifying that all foods, canned beverages, and 
other canned goo<ls purchased by the government 
after a certain date must be in steel cans which do 
not contain tin, or that tin-free steel cans vrill be 
given preference in competitive bids. Such a 
gpecificatlon would create a large market for such 
containers at a stroke and would thereby remove 
a portion of the risk of developing such packag- 
ing. Kxploitation of this new technology for com- 
mercial purposes would be almost certain to 
follow— in packaging any innovation is potentially 
profitable because it can give a product a "new 
and improved" image. Ultimately, inclusion of 
steel cans in scrap iron bundles would become 
feasible as tin, an unacceptable impurity, is 
eliminated. 

To accomplish such objectives would require 
establishment of close working relations with 
GSA and DOD to formulate mutually beneficial 
objectives. Karly targets for joint action might 
include, in addition to the recently developed tin- 
free steel can, such things as a single-alloy alumi- 
num can; dcgradabic paper coatings, laminants, 
and adhesivcs equal in performance to plastics; 
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limitation of tlie t) i>08 of plastic materials which 
may be mcd in packaging; (Icvclopment of ina* 
tcrial iilentinration systeniB which could be used 
in manual or automatic wasitc Bcgregation; 
development of glass containers that shatter 
without resulting in jagged slivers; and similar 
changed and modification. 

Taxes 

Two kinds of taxes will be discussed under this 
heading, a use tax and a deterrent tax. A use tax 
would l)e one imposed on packaging in order to 
raise suflicicnt revenues to pay for its disposal; 
such a tax would influence package material or 
container selection only indirectly. A deterrent 
tax is one imposed on either a packaging material 
or a container conrigiiration in order to achieve 
one or more of the objectives formulated at the 
outset of this analysis— a way to limit use of a 
material by 'artificially raising its price. 

The Concept of Packaging Use Tax 

A use tax on packaging would be a tax levied 
on all packages, whose aim wouhl be to obtain 
sufifietent revenues for the disposal of the packages 
in the most efScient manner permitted by present 
disposal technology. Basically, under this concept, 
when a consumer pays for a package, he pays for 
its disposal. 

Such a concept has several advantages over a 
deterrent type tax, to be discussed below: it 
would be easier to justify; it would be less dis- 
crinunatory for it would be applied to all packag- 
ing; it would be less likely to disturb free materials 
selection by packagers; and while providing the 
economic base for the best possible disj)osal 
practice, it could also be used to spur reuse of 
containers and recycling of materials. 

The concept has some intrinsic and {>otcntial 
disadvantages, among them the need for an 
elaborate machinery to ' administer the tax 
cflTicicntly; the possihiUty that the consumer may 
be charge<l twice for the same service; the fact 
(hat such a (ax may i>e viewed as a ^^license to 
polhlte^^ the possibility that revenues may be 
used for other than their intended purposes; 
and, finally, the fact that such a tax would neitlier 
reduce packaging waste (|uantitics, nor reduce 
the t(3chnical difficulty of processing, nor would 
it eliminate waste of iiatural resources. It would, 
however, attack tlie fundamental diflTiculty cre- 



ated by packaging materials, that of high dis* 
posal costs. 

A packaging use tax might work in this manner: 

(1) It would be imposed on the fmished con- 
tainer, not on the packaging material. 

(2) The amount of the tax would vary depend- 
ing on the resistance of the container to disposal. 
The basis for tlie level of the tax to be imposed 
could be the resistance index presented in this 
report. Needless to say, tlie index would have to 
be refined considerably before it could be put to 
use. 

(3) Funds obtained would be channeled to 
disposal facility operators on the basis of local 
collection rates and/or population served. Salvage 
businesses would also be supported from such a 
tax on the basis of tonnage of materials they 
remove from the waste stream. Thus, a salvage 
company which recovers a certain tonnage of 
steel cans or corrugated board for reuse would 
be able to claim the disposal use tax levied on tlif^ 
packages he recovers because he has accomplished 
disposal of tliese materials. 

(4) Ideally, such a tax would be determined at 
the national level. However, it could be adminis- 
tered on a state level also or on the local level 
following state enabling legislation. 

(5) The tax would be collected on the local level 
from the retail merchant (or purchasing industry), 
whose obligation it would be to show the tax as 
part of his mark-up, to maintain adequate records, 
and to pay the tax either to a federal, state, or 
local agency. He would be permitted to retain a 
percentage of the tax to cov^cr his collection 
expenses. 

Tlie basic technical problem in connection with 
this concept would be that of working out the 
exact level of the tax to be imposed. For maximum 
fairness, the tax levied on a particular package 
would have to reflect its disposahility, thus re- 
warding those containers which are easily disposed 
of. If the system is precise enough, it would act, 
indirectly, to bring about packages which are 
more desirable from a disposal point of view. 
Determining the tax on the basis of disposahility 
would call for the establishment of an extensive 
package tax bureau within the federal establish- 
ment, capable of rapidly evaluating new packages 
and mo<]incattons of old packages. The mamifae- 
tufcr would need to submit his package to the 
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Bureau for evaluation. T)]e retail merchant would 
have to maintain long and constantly dianging 
lists of packages, each with its particular disposal 
fee. New record-keeping tasks would also be im- 
posed on scrap and waste handling organizations, 
it is not difficult to imagine the kinds of con* 
troversies and litigation which may arise in the 
course of administering such a tax. 

To fulfill the basic objective of such a tax — to 
raise revenues for waste collection— it is not 
necessary to determine a specific fee for each 
package type. Broad fee groupings would suffice. 
However, in such a case* one of the secondary 
benefits of such a tax, that of bringing about 
desirable changes in packaging, would have to be 
sacrificed. 

Another problem would be that of "double 
taxation,'^ whereby the consumer, having paid 
the disposal fee on packaging materials at the 
store, would also have to pay for the disposal of 
his refuse, including many other things in addition 
to packaging, to the trash collector. Such a situa- 
tion would be unavoidable unless all other items 
which arc discarded arc also taxed for purpose of 
disposal; some items^ like yard clippings, building 
rubble, etc., would be difficult to fit into such a 
system. 

A package disposal fee could be viewed by 
some people as a '^license to pollute,** and may 
cause more littering. Congress is also generally 
opposed to measures which may he interpreted 
in this way. For this reason, effluent taxes have 
not been viewed with favor by Congress even 
though they are accepted control meclianisms 
in Europe. 

Disposal fee income would have to be allocated 
with care to local government bodies so that 
such funds would be used for their intended 
purposes, not for the fulfillment of other, perhaps 
equally desirable, goals. Controversies surrounding 
the use of gasoline taxes point out some of these 
problems, and unsatisfactory experience with use 
taxes generally could act as a barrier to the 
acceptance of a disposal fee concept. 

In spite of these many problems, a disposal 
fee type of tax should be analyzed in detail as 
a potential mechanism for easing the economic 
plight of waste handling organizations. The 
analysis should embrace nol only packaging 
materials but all disposable commodities and 
should be a two part investigation. Part I would 



explore the reaction of industrial, commercial, 
and government executives and legislators to the 
proposed tax concept; Part 11 would involve 
technical assessment and preparation of recom- 
mendations dealing with the system to be used 
for determining the level of the tax, the type 
of agency that should administer it, and the 
manner in which it would be administered. Such 
an investigation would then be used as the basis 
for legislative proposals. 

A Deterrent Tax 

An example of a deterrent tax woidd be a 
1 cent per pound imposition on all plastic resins 
used in packaging applications or a 1 cent per 
unit tax on nonreturnable beverage containers. 
The basic principle at work in this case is that of 
selective taxation, with materials and configura- 
tions singled out for taxation on the basis of 
disposal criteria. 

While such a tax appears a potentially attractive 
tool for guiding packaging material^ choice 
and container design, we doubt that it could be 
justified and believe that its effectiveness would 
be difficult to predict. 

The basic problem is that such a tax wotdd of 
necessity be discriminatory since it would be 
imposed selectively. For instance, it may be 
desirable from the point of view of an incinerator 
operator to keep the amount of plastic wastes 
to a minimum because plastics in high concentra- 
tions create problems. Significantly, the problem 
arises as a result of concentration, not because 
of material composition as such. A tax on plastics 
would be difficult to justify on such grounds 
unless higher taxes are imposed on other materials 
which do not even burn, and unless configura- 
tional characteristics are also taken into considera- 
tion. For instance, plastic films and plastics 
appearing as very thin coatings on paper do not 
cause trouble in incineration. Therefore, they 
should not be taxed to the same degree as plastic 
boxes or bottles. 

Justification would be similarly difficult in 
the case of container types. Since bottles and 
cans for beverages are conspicuous as litter, it 
may appear desirable to tax nonreturnable type 
containers to limit their sales appeal. It may be 
argued that the vast majority or orderly citizens 
who do not litter but do desire ''disposable" 
packaging would be unduly penalized for the 
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aclivitied of a few ant i -a octal members of the 
population. If, on tlie other hand, nonretumable 
beverage containers are taxed because they rep* 
resent a waste of resources, it would be difficult 
to justify such a ta\ witlioul aUo taxing all otiier 
nonretumable containers— the bulk of packaging. 
Yet again, a tax imposeil on no-deposit beverage 
containers because they could he returned and 
have £een returned in the past is open to the 
charge that whatever applies to beverages 
applies equally to other comntoditfes sold in 
glass and cans. Once upon a time, almost all 
packaging was returnable. 

Deterrent type taxes would have widely vary- 
ing effectiveness, even if justification were found 
for imposing them. If the aim is to eliminate or 
substantially curb consumption of a material, a 
deterrent tax would have to be made high enougli 
to have an effect on those applications where 
price of the package is not the dominant considera- 
tion. Such a tax would, in effect, price the ma- 
terial out of the packaging market and would be 
a form of indirect regulation. Direct regulation 
may be more desirable, in such a case, because 
changes in technology or consumption would not 
affect the prohibition, which would bo possible 
if the deterrent is a tax. For instance^ a high 
enough tax on plastics may force them out of 
packaging. Producers would then presumably 
look for other outlets. Assuming, for the sake of 
the argument, that they would find a large vol- 
ume market — automobile bodies, building ma- 
terials, paving materials, paper substitute in 
publishing— the resin price may drop low enough 
so that packaging applications would become 
feasible for plastics in spite of the tax. If plastics 
are prohibited outright, they could not reappear 
in packaging following substantial price drops. 

If the tax is not designed to drive a material 
from the market, its effectiveness would be re- 
stricted to those applications where package 
costs, rather than package performance, are 
critical. In the case of plastics, for example, 
which have won a place for themselves in packag- 
ing on the basis of perfomiance, the effect of a 
tax would l>e less acute than on paper, which 
dominates packaging l>ecau8e of its cost advan- 
tages* While it would 1k5 possible to calculate a 
tax which would force plastics from tlie market, 
it would 1)0 didjcult to determine wliat effect a 
lesser imposition would have because package 



cost in itself is not the only determining factor in 
many applications where plastics are* used. 

It is well to recall, in this connection, that the 
price of a product sitting on a grocery or drug 
store shelf is basctl on a variety of cost and noncost 
considerations. These would include: cost of the 
product, cost of the package, cost of distribution, 
cost of advertising and promotion, expectation 
of volume to be sold (which affects all costs al- 
ready cited), and a judgment of the product*8 
value to the consumer. Concerning the last point, 
many products, especially luxuries, cosmetics, 
toys, novelties, hobby goods, and the like have 
prices which do not relate directly to total cost of 
production and distribution. At the same time, 
package qualities (appearance, communication 
potential, etc.) aro more important in these prod- 
uct categories than package performance. The 
chances are that the manufacturer already pays 
a premium for i|uality and would not be deterred 
from using a particular material or confLguration 
if it is taxed, unless, of course, the tax is prohibi- 
tively high. 

If glass or metals are taxed, a somewhat dif* 
ferent situation appears. Both of these materials 
are used in packaging in lacge volumes 
primarily because of their physical performance 
characteristics and low costs. They are thus found 
in utility goods packaging. Utility goods are 
highly competitive and price is usually closely 
related to actual production and distribution 
costs. In these applications, a tax would almost 
always be passed on to the consumer and would 
not act as a deterrent. For instance, metal cans 
and glass jars arc useil predominately in packaging 
of such utility goods as cooked vegetables, fruits, 
soups, and other like staples. In the case of these 
commodities, the profit margin on the end- 
product IS low. A tax on the basic container ma- 
terial would almost certainly seriously affect 
profitability of the product* In such a case, the 
additional cost would be passed on as an al- 
ternative to selling the utility goods at cost. 

A tax on metal cans would have different effects 
depending on what is taxed. A general tax would 
probably have no effect. If it is levied only on 
tin-plated steel cans in order to bring al)out a 
switch to tin-free steel, it would probably accel- 
erate commercialization of such a container. A 
tax on aluminum cans could result in a switch to 
steel if the tax is high enough; atuminiuu and steel 
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cans compete for beverage rnfrrkets on the basis of 
cosit performance, and consumer preference. If 
the tax is nominal aluminum manufacturers 
wouUl moat likely absorb it. A lax on aerosol dis- 
pensers would almost certainly be passed on to 
the consumer — ^who chooses the more expensive 
aerosol form of a product because of its con^ 
venience« not its price. 

A tax on wooden containers would have to be 
rather substantial to have an effect. Wooden 
pallets and skids, kegs; and boxes are used priu- 
cipally because their costs are low in comparison 
with metal. It might also cause a shift to cor- 
rugated containers which would mean an increase 
in the total waste load; wooden containers are 
reused typically; corrugated containers tend, on 
the whole, to make only a single trip. Taxation 
of paper and textile packaging to reduce its use 
would be less meaningful because these materials 
are the most disposable of all packaging materials 
and constitute about 50 percent of total packaging 
tonnage. We do not believe that a tax on paper 
would result in the reduction of the quantity of 
packaging wastes generated; it would merely in- 
crease the costs of packaging. 

In order to use a deterrent tax as an instrument 
for influencing packaging, we would recommend 
that detailed systems analysis of effects, not only 
on materials or container consumption but also in 
inter-materials competition, be undertaken. Such 
analysis would only be warranted, however, if 
some assurance could be gained that the deterrent 
tax route to control would meet with legislative 
success, which does not appear very likely. 

Regulation 

Within the context of this report, regulation 
means any legislative measure enforced by the 
executive arm of tlie government, which imposes 
some action on package materials producers, 
converters, and packagers and/or users (con* 
sumers). The action imposed must be involuntary 
in nature, which contrasts with incentives and 
disincentives; these latter leave those affected a 
margin of choice. Mechanisms of the more volun* 
tary type are discussed separately. 

Regulations may be imposed by governments 
at all levels. The focus of this analysis, however, 
is on federal regulation since this report deals with 
packaging and waste disposal on a national basis. 



Government regulation in the sense used here 
can mean a variety of things^ the establishment of 
standards, the control of production through 
quotas, the prevention of unfair trade practices^ 
quality monitoring, or full scale regulation of in- 
dustry as practiced in air, land, and water trans- 
port by the Civil Aeronautics Board, Interstate 
Commerce Commission^ and the Federal Maritime 
Commission, respectively. 

The IS'ature of Current Regulatory Activity 

As part of this analysis, we reviewed the activ- 
ities of numerous federal departments, agencies, 
and bureaus in an effort to discover the types of 
regiilatory activities which are currently employed 
and the fundamental reasons used to justify them. 
We felt tliis to be an important step toward 
assessing the possibilities of successful regulatory 
activity in packaging. A summation of our fmdings 
is presented in Table 96. Excluded from the tabu- 
lation are those agencies primarily engaged in 
regulating labor, manpow^er, and wage questions. 
Although these latter activities impinge upon 
industrial practices, they are not strictly con^ 
cerned with commodities. 

In the course of this review of department and 
agency regulatory or quasi*regulatory activities, 
we did not encounter any instances of regulation 
aimed at the correction of external diseconomies 
such as those created by packaging materials in 
waste disposal. The nearest analogy to such a 
situation is water pollution; the polluted dis- 
charges from one plant or facility create dis* 
economies for other operators downstream and 
for people wishing to use water bodies for recrea- 
tion. The Department of the Interior has author- 
ity to abate such pollution in certain instances. 
However, it is possible to justify such abatement 
powers on the grounds that water pollution creates 
health hazards. 

There are other instances where the govern- 
ment has been granted regulatory power over 
commodities or industries. Some control over the 
production, grading, labeling, and marketing of 
agricultural products is exercised by the Depart- 
ment of Agriculture, for example. The sale of 
securities is regulated by the Securities and 
Exchange Commission. The Food and Drug 
Administration of the Department of Health, 
Education, and Welfare controls the purity and 
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Tablb 96,— Major Fetkral dkwmmcnt dr}Htrtmcnis and agencies ivith regulatory Junctions and principal justifications for 

their activities * 



Uasic pctnciple for Uie of rfguUtory power 



DrpartDifnt or «(«ncy Protrct»oa MaLnt. of Cons^rvt* Support M*lnt. of Control of 

bralth aod Coniucnrr « frefr tlon of • of vital natioD^a publk 

aafrly rrotn-lkm rconomy craourcra induitriea drfrnte arrvjce 

poBiure ulUitiea 



Department of Justice: AnlitruBl division. X X 

Department of the Interior: Office of 

Oil add Gas. X 

Bureau of Couimercial Fiftberies X X 

Bureau of Mines. X X X 

Federal Water Pollution Control Admin* 

Utratton X X 

Deparimerr of Agriculture: Agriculiural 

Stabilization and Conservation Service. X X 

Consumer and Marketing Service XXX 

Commodity Exchange Authoritjr XXX 

Department of Commerce: BuBiness and 

Defense Services Administration ..... . X X X 

Maritime Administration . X 

Departmeat of llcahh» Education, and 

Welfare: Public Health Service... . . . X 

Food and Drug Administration X X 

Department of Transportation: Federal 

Aviation Department. X X ^ 

Atomic Energy Commission. X X X X 

Civil Aeronautics Board. ............. . X X X X 

Federal Communications Commission .... X X X X 

Federal Deposit Insui^ance Corporation . . X 

Federal Maritime Commission X X X X X 

Federal Power Commission V X X X 

Federal Trade Commission X X X 

Interstate Commerce Commission X X X X 

Securities Exchange Commission X X 

Small Business Administraiion. X 

* FaclodnS are al^ drpartmcnti and agpncira draling with n^ettioni of labor. 
Sourer: Gtnerai Srrvicea Adminialration, National Arcbivra and Rrcorda Service, Office of th« FrdecaL RrgiaUr, United Statet dr'irnmeni 
Organittaion Manual 10^7-68. Washington. U.C., 1967. 

labeling of phannaeeuticaL^, foods^ and materials generation and communications; and control of 

of packaging used tn food. The Federal IVade industries closely linked to defense preparedness 

Commission regulates the quality of fabrics like air« water, and land transportation, 
shipped in interstate trade to prevent the sale of ReguiaXion in Packaging 

flammable materials in apparel applications. And ^j,^^.^ situation would seem to indicate 

government control of certain public service that any regulatory activity directed at packag- 

induslries-^transportalion, communications, and j^^g j^^^^ l^^^^j ^„ concepts of 

power generation- is practiced, control, not on precedent. Three exceptions to this 

In all of these instances and others that might ^^^eraX statement exist. One would be regulatory 

be cited, intervention is iusttfied on the grounds ^^^j^j ^^^^^^ ^ conservation of natural 

that regulation wili result in health, safety, or . , . i r i ^ • _ 

^ , , . t t resources; the second, control of packaging ma- 

consumer protection; the mamtenance of a tree . , , , , . , » , i • j 

but fair economic system; the conservation of ^^"^'^ ^^^'^'^ ^'^^'^ ^ P^*^"^^^' ^'^'^'^ 

importanl natural resources, the siipport of ^hi^^' consumer protection. Governmenl 

industries vital to the national welfare; mamtc- ac*«<>n "ol unfamiliar to the packaging industry 

haticc of the nation's defense posture; the control and packagers as may l>e seen in Table 97. In 

of monopolies or senii-monopolies such as power fad the industry is in tlie midsl of trying to 
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assimilate the 1966 Fair Packaging and Laheling 
Act after a lengthy battle of several years' dura- 
tion. However, all regulatory activity cited is 
aimed at the prevention of commercial abuses 
and the promotion of health and safety, or it deals 
with interiiational trade on high-tax commodities 
like alcohol. 

Control based on conservation of resourcei?i 
may be employed to reduce the (juantity of paper 
wasted* According to Forest Service and hiduatry 
forecast?, by the end of the century U.S. capacity 
to produce pulpwomi may be seriously strained 
if current domestic consumption and pulp export 
trends continue. This view, incidentally, is not 
shared by all companies in the paper industry. 
Since tlie bulk of our aluminum (80 percent) is 
imported, squandering of this material is a con- 
tribution to the gohi drain. Domestic shortages 
in ferrous uictals and hydrocarbons are less 
likely to occur in the foreseeable future. 

Only one packaging material— -polyvinyl 
chloride — may be seen as a substance which is 
potentially hazardous. Since this material rep- 
resents a small fraction of total plastics us^d in 
packaging — and plastics are a small percentage of 
packaging — the impacts on total waste generation 
of controlling polyvinyl chloride would be 
negligible.* 

Authority to regulate packaging, based on the 
justification that these materials create an 
economic burden for waste disposal system 
operators, would be extremely difficult to realize, 
llie chief reason for this is that the waste 
generators — householders, business operators, in- 
stitutional managers- must logically pay the 
costs of disposal. It may be asked r Why cannot 
the waste generator l>e matle to pay a sufficiently 
high amount for waste disposal services to cover 
all expenses? After all, it is their wastes which 
must be handled. If the packaging industries 
are held responsible for the added costs of disposal, 
a situation is created which would be analogous 
to holding a wheat farmer responsilde for flour 
dust emanating from a gr.iin mill. 



*PVC h ii^cd at the rate of over 2 lilllion poiinrts per year 
for maniifacUired prrxhirls Mjch a* ^ar<1en lioscsi. flf>or 
roverin^B, rain wear, j^hoe eolc.*, conslruciion rnalerial*. 
ete>, and m could he a larger factor in total solid waiste 
lo<lay than ihe relalivcly >imall \olmne likely to be used in 
packaging in future years. , 



A second reason why it would be difficult to 
obtain regulatory authority is the fact that 
regulation, onco begun, would lend to be complete. 
The basic reasons for this contention are the 
complexity of packaging and the fact that 
packages fulfdl intangible, difficult- to-measure 
services, A package may be likened to an intricately 
woven fabric whose strands are made of tangible 
cpialities (physical performance) as well as more 
intangible qualities (shape, appearance^ "con- 
venience,'* etc.). It is not possible to unravel this 
fabric without destroying it. Consequently, it 
would be difficult to promulgate f^erWt'e regulations 
without eventually controlling all aspects of 
packaging. Since packaging touches all economic 
activities in some way, the regulation of packaging 
would consequently involve exercise of some degree 
of control of mercliandising, product design, etc. 

We do not mean to imply that all forms of 
regulation would have this effect, only that 
truly effective regulation would require such an 
extreme step. This will become clearer as we 
examine three hypothetical cases of regulation: 
(I) regulation of the quantity of materials to 
be used in packaging; (2) regulation of materials 
to reduce difficulty in processing; and (3) regula- 
tion of certain container types. 

Case It Regulation of Quantity 

In this case regulation would focus on restricting 
the amount of materials which may be used, with 
the aim of reducing the quantity of packaging 
materials which end up in trash barrels. 

The basic difficulty here would be that of 
establishing meaningful criteria of measurement. 
Neither in terms of quantity nor in terms of 
values is there a uniform relationship between 
package and product. A package may weigli 
many limes more than the product (aspirin 
bottle) or much less (wooden pallet carrying 
machinery). In terms of value, the package 
may be an insignificant percentage of the prod- 
uct's vahie (cardboard box housing a television 
set) or the most expensive component of tlie 
product (hair spray can) Table 98. 

In such a situation, broad standards would be 
meaningless, and a regulating agency would liave 
to immerse itself into a tuorass of detailed judge- 
ments which would have to be made about each 
conunodily and caeli package configuration used 
for each commmlity. 
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Table 98» — Package costs of selected products 

Ai » ptrctn\»st of product mIc« pricf, f.o.b. factory 



Product end packt|ti Pcrccot * 



Paint in an aerosol can. 16 

Paint in a convenlional metal can S 

Toy in a film -over wrapped carton 14 

Toy in a blister pack 8 

Motor dit in a metal can 26 

Motor oil in a fiber can 10 

Small appliance in a corrugated carton 6 

T.V. sel in a corrugated carton 1 

Beer in a ttnplale can 43 

Beer in a one-way glass bottle 36 

Frozen food in a boil-in-bag and carton 10 

Frozen fish in a carlon. . 5 

Moist pet food in a metal can 17 

Dry pel food in a carton ^ 9 

Cereal in a folding carton 15 

Cornmeal in a paper bag 5 

Analgesic in a plastic botlle 10 

Antibiotic in a plastic bottle 1 

Baby food in a glass jar 36 

Baby juice in a metal can 33 



• Tbr fiiturfi above are nol presented •» average*. In •ny «iven product 
Geld, the coal ratio tnajr vary widely even amons the tame tlx* packagei 
made of the lame materials 

Source: MoJern Packaging. 40(9).' 93. M*r 1967. 

Such regulaliorj, carried to a logical conclusion, 
would al80 involve the government in packaging 
and merchandising decisions which are presently 
the exclusive domain of industry. Should or 
should not a soap bubble bottle be in llie form of 
Mickey Mouse? If the decision is no, less material 
may be used, but the product may not be as easy 
to sell. Should or should not a fountain pen be 
encased in plastic and mounted on a display 
board? Should dolls be displayed in cartons faced 
uilh cellophane on one side? Or, conversely, 
displayed without wrapping? Such decisions 
would have to be made routinely in order to 
achieve the objectives of regulation. The rever- 
berations of this type of activity would be felt 
throughout U.S. industry and commerce. 

Although it would be difHcult to predict the 
coats of such a program, il would appear that the 
administrative expenses both on the government 
and industry side would be better spent in the 
form of subsidies to waste disposal agencies. 

Case 2t Regulation of Materials 

Regulation, in this case» would focus on reducing 
the difficulty of processing packaging wastes by 
either outlawing highly resistant materials or 



requiring that certain types of materials not be 
used as components of specific packages. This 
type of activity can be much more selective, and 
consequently less disruptive, than regulation of 
the quantity of materials that would be permitted 
in packaging. Nevertheless* the regulatory body 
would be forced to deal with problems which are 
currently solved by the operation of market 
forces. 

It should be noted at the outset that prohibition 
of material types would necessarily upset the 
"materials balance" in packaging. Careful studies 
of the effects of any specific prohibition would 
liave to be made to forecast the likely responses 
and to evaluate the waste disposal implications 
of such responses. For example* prohibition of 
glass would undoubtedly create a vast market 
for metals and plastics. If plastics should capture 
a large share of glass markets, new plastic pro* 
due lion facilities would be built* plastics prices 
might fall further* making these tiiaterials more 
competitive with paper. As plastics begin to dis- 
place paper* disposability of packaging materials 
would deteriorate. It is, tlierefore* highly con- 
ceivable that further regulation, aimed this time 
at plastics, would have to be passed to remove the 
ultimately adverse effects of a ban on glass. Such 
regulation could, in turn, have yet other tindesir- 
able effects. In this case also, control of one part 
of the packaging industry would seem to lead 
perforce to control of all activities. 

If regulatory action takes the form of more 
specific prohibitions, the danger of creating 
large disruptions diminished* but effectiveness of 
regulation also suffers. It would be possible, for 
instance, to require that tin be eliminated from 
steel cans; that twist-off bottle caps which leave 
a ring of aluminum adhering to the bottle neck be 
replaced with other closures; that paper be 
coated and imprinted with materials which are 
easily removable by a specific de-inking process; 
that aluminum cans be made of a single alloy; 
etc. All such requirements would aid salvage and 
reuse; they would not have an effect on disposal 
difficulty in incinerators, landfdls, and composting 
plants. Justification for such moves could be made 
on the grounds of conservation, particularly 
if adequate means of separating and collecting 
these materials are created simultaneously and 
the use of such materials is promoted in industry. 
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Roquiremcnta Hliicli 8|MTify material character* 
iatics >vould aUo be covered hy tliis case. One 
such requirement miglit he that all packaging 
material be biodegradable. This would in effect 
be a prohibition of inetaU aufl ghisa assmning, 
for the moment, that biodegradable plastics 
could eventually be developed. If such a require* 
mcnt is imposed only on one or two niateriaU, 
for instance, paper and plastics, the requirement 
wouhJ be difTieult to justify. Similar difficultieB 
would be encountered in llie promulgation of 
other material charaeleristic specification* that 
could be envisioned, for instance, combustibility^ 
compaction under pressure^ etc. 



Thus it would appear that regulation of ma- 
terials is only feasible in a very limited sense to 
bring about more salvable and reusable packages, 
but that other requirements wouhl either lead to 
complete control of packaging or would be ex- 
tremely diilicult to realize in practice. 

Case 3: Regulation of Container Types 

Regulation of container types would be similar 
to the regulation of materials. The most frequently 
proposed regulation of this type is a ban on non- 
returnable beverage containers. Legislation of this 
type was proposed in 19 Dtates in 1967; altogether, 
32 proposed laws were presented; none passed 
(Table 99). All of these laws were proposed as 



Tablk 99. — 1967 containerMtter Ipgislaiii^ biils introduce • 

Slat< BxU Dumbrf Turpoee of biiJ 



Alabama 11.653. Ban on nonrelurnable bottled. 

Connecticut/ S.1157 Bans nonreturnabte beverage bottles and cans of aluminum.- 

KanBas A. 1326 Iff tax on no-deposit containers. 

M atne. . . , H.892 Bans oonreturnable l)ottled. 

Mawachusetta 11.2893 . Ban« use of nonreiurnablc boute«. 

H.3033 Mandatory deposit oo all bottles and cans. 

Michigan H.tl58 1 » . 

H 20*'4 jBolh bam on nooreturaable contatners. 

H.2416 Requires de|x>eit on nonreturaable bottles. 

11.2556 Probibits sale of beer in nonreturnable bottles. 

11.3248 Bans nonreturaable bottles. 

S.8 Bans nonreturaable bottles. 

S.153 Requires bridges be fenced to prohibit littering and dumping of objects onto 

highway. 

Minnesota 11.920 Bans nonreturaable bottles. 

11.1218 Bans sale of beverages in cans of more than 10% aluminum. 

11.2127 Requires 3(! deposit on cans and bottles. 

' 1J.2S75 Bans bottles on takes and public beaches. 

S.560 Ref{uires 3p deposit on bottles and cans. 

S.I019 Bans use of cans of more than 10% aluminum. 

Missouri fl.552. Provides for 1? tax on cans and nonreturnable bottles. 

H.S53 Bans nonreturnable bottles. 

Montana , 11.462 Requires l0 deposit on all cans and nonreturnable bottles. 

Nebraska LB,28l Requires If deposit on all beer cans and bottles, 

\ew Hampshire. 11.677 Bans sale of malt beverages and soft drinks in other than returnable containers. 

\eu Mexico 11,215 Requires 4^? deposit on cans and bottles. 

New York , . S.4I90 Tax of 1 mil on nonreturnable containers; 2 mils on such containers with self- 
opening devices. 

North Dakota S.146 Deposit required on all cans and bottles. 

Oklahoma 11,511 Bans sales of l>ottled soft drinks on Capitol grounds. 

Pennsylvania S.IM/ Prohibits i2?c oi nonrciurnabJc bottles. 

South Dakota 11.507 Bans beer in cans and nonreturnable bottles. 

Washington 11.131 Requires 2f dejKJsit on all bottles for soft drinks and beer. 

M iwonsin A.559 Requires offer of 1? re^lemption on labels of beer cans and bottles. 

A.636 Bans sale of beverages in nonreturnable bottles. 

* None oi |»ro|»o*eJ lawt was r n«c1td. 

Source; Joha K. ^tans. [Jitrr liTgiAUtioo in l%7. Coartrcjr of Keep AtnrnCA Beautiful, toe. 
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instruments to curb litter. Let us examine this 
situation in a little more detail. 

Legislatiou aimed at nonretumable type con- 
tainers« to be effective in reducing litter or in 
promoting the use of reusable containers, must 
have several characterbtics; (1) it must prohibit 
the use of all nonretumable container types cur- 
rently used /or a certain commodity; (2) it must 
impose a sufficiently high deposit so that the con- 
sumer 19 impelled to return the container; (3) it 
must provide for the ban of new container types 
which may appear in response to the prohibition, 
e.g., plastic bottles; and (4) it must anticipate 
problems of defmitton; thus it should defme a 
beverage container as any type of container, by 
whatever name it may be called* so that beverage 
"jugs/* "jars,'* "tubs/' etc., cannot be sold in 
violation of th^ spirit of the law. 

Probably the most important point above is a 
high deposit. It may be possible to require that all 
beverage containers be returaable^ but it is not 
possible to force an affluent population to return 
such bottles without sufficient incentives. Legisla- 
tion which permits one kind of no-deposit con- 
tainer but bans another serves only to boost the 
sale of the exempted container. 

The real effectiveness of such regulation to 
reduce Jitter may be questioned. In the State of 
Vermont^ where such legislation was passed, the 
ban on bottles did not measurably reduce the costs 
of litter collection; consequently, the ban was 
repealed after one year of enforcement 
1956).* Taxes imposed on those container types 
most frequently encountered along our highways 
and streets would probably be more effective if 
such tax receipts were used to clean up litter* This 
is the apparent intent of some of the proposed law s 
shown in Table 99. But whereas total litter may 
not be reduced, suci' legislation may be used 
effectively, in combination with other steps, to 
keep substantial amounts of packaging out of the 
waste stream. 

A nation-wide law w' 'ch would (1) ban non* 
returnable glass beverage containers, (2) impose a 
hi^h deposit on metal beverage cane, (3) require 
that the retailers accept and segregate empty 
aluminum and steel cans, and (4) prohibit the use 
of tin in steel beverage containers could result in 
the recycling of much glass, ahiiuinum, and steel if 
local waste disposal agencies, scrap dealers, and 
scrap users cooperate. 



Major problems of such an action* aside from 
problems of justification, would be (1) that 
retailers would be saddled with an additional 
materials handling chore, whose costs would 
have to be passed on to the consumer in some 
form; (2) empty beverage containers would 
produce unpleasant odors and would have to 
be stored in a special place; (3) in many smaller 
communities, aluminum and steel would be 
available in quantities too small to justify collec- 
tion; and (4) cooperation from waste disposal 
agencies and scrap collectors may not be forth* 
coming. 

It is clear from the foregoing that regulation 
of containers, even in a relatively narrow area 
like beverages, could give rise to some vexing 
problems of implementation. Such problems 
would increase in number many times if regulation 
is extended into other areas. 

Sitmmory 

Regulation of packaging to achieve objectives 
set forth earlier does not appear to be a practical 
approach for two reasons. 

(1) It would be unlikely to meet with legisla- 
tive approval because sufficient justification does 
not exist for government intervention. 

(2) The administrative chore of carrying out 
effective regulation would be disproportionately 
greater than the benefits which could be envi- 
sioned because packaging is a very complex 
activity and would consequently require govern- 
ment action on too many fronts. 

Another reason, which was developed earlier, 
is that one of the objectives which could be 
achieved by regulation — modification of materials 
to improve their salvability — appears easier to 
achieve by less direct action incentive or subsidy. 

BARRIERS TO ACTION 

General 

In the foregoing analysis, numerous barriers 
to effective action on the part of the federal 
government were mentioned or implied. In this 
concluding section, we should like to discuss 
~ thesfe barriers in somewhat more detail to charac- 
terize their nature. 

Barriers (o action are identifiable forces which, 
together, form the environment in which packag- 
ing exists ami lend to make change difficult. 
No single barrier, taken by itself, would be sulB- 
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cicnl to seriously block action. Taken togellier, 
however, tlic eultural, dcntographici socio* 
economic, anil teelino*econonuc factors discussed 
Iterc are a formidable obstacle in the path of many 
of tlie approaches to mitigating disposal problems 
arising from packaging. 

One general barrier, implicit in all that has been 
said in this and earlier sections of the report, is 
the fact that all those forces which promote the 
continuing evolution of packaging in presently 
established directions are forces antithetical to 
the l>cst interests of waste disposal and salvage 
operators. Since Public Health Service objectives 
with regard to packaging are formulated to aid 
waste liandling, those basic movements which make 
packaging what it is may be viewed as barriers. 

A suuunary of the harriers, to Ikj discussed here, 
is presented in Table 100. It shows the barriers 
and their relationships to the three basic objectives 
outlined at the outset. \^'e have made an attempt, 
in the tabulation, to indicate the relative impor- 
tance we attach to each barrier vis-a-vis each 
objective. 

Tablk 100. — Importance of barriers to naste retfuction 
objectives 

W«iit4' rrdiiclion ohjeclivM 

BiirUri Krducr Hr<!uce Conserve 

quantity of technical natural 

I^acktuing difficulty rcftourcra 
■ in H'ole 



5 
5 

1 

3 

4 

2 
i 
X 



0>!c: J — Nogligibte barrier. 

2 — Minor harrier. 

3 — McxbTalely itii()orlant t)arrier. 
I — lin]K>rlarW barrier. 

5 — Very ir]if>or(an( tiarrier. 
Source: MUIwmI R«»Mrch InrtUutr. 



Techno- Economic Barriers 

'rechno-economic barrk r;* cou:[it In the large 
number and intercliangoability of packaging 
materials and their combinations wbich make 
any regulation based on material or conrigurational 
cliaiacteristicft difTicult; and in the highly devel- 
oped state of raw materials conversion technology, 
which has a depressing effect on the consumption 
of secondary materials, as was discussed in 
I'art II of this report. 

To meet with legislative approval) proposed 
regulatory action in packaging has to l)c justified 
and must have some chance of succeeding in 
practice. Blanket-type regulation, e.g., a complete 
ban on nonreturnable glass containers, is unlikely 
to accomplish tlie desired aim of reducing package 
tng waste generation l>ecause substitutes for 
glass exist; all of which would be discardable and 
would cause just as much di^^lculty in disposal 
as the container banned. 

More specific legislation would be diflicult to 
write and enforce. For purposes of illustration, 
let us consider only one commodity, milk» and 
its packaging* For instance, if plastic coatings 
are prohibited on milk cartons, the industry may 
counter by using hot-melt coatmgs. Since these 
are part plastic and part wax, legislation would 
bave to specify exactly what percentage of 
plastics would I>c permissible; the line may have 
to be draAvn between synthetic and natural 
resins, etc. If the legislation would not simul- 
taneously outlaw plastic bottles^ these may take 
over part of milk packaging. If plastic bottles 
are outlawed but plastic coated paper is per- 
mitted, the legislation would have to be specific 
as to the ratios of plastic to paper that would 
be permitted, or else a situation may arise where 
a few pap0r (Ibers, embedded in plastic, would 
be sold as plastic-^'coated'' paper. If plastic 
coatings and plastic bottles and hot-melt coatings 
were all prohibited, this would probably not bring 
a return to wax-coalcd milk cartons; these have 
irritated the consumer for years. Bather, non* 
returnable glass containers may make their 
appearance. 

This illustration, based on a single commodity, 
is ftuHlcient to show that the problems of regula- 
tion would be rjuitc serious when extended to all 
proilucts, mainly because there are many ma- 
terials, comparable in cost, among which the 



Tech no -economic : 
Large number of 

materiaU 2 I 

Production technology , , . 3 2 

Socioeconomic: 

Fervaaive nature of 

packaging 3 3 

Setf«5ervicc merchamiis- 

ing.; 3 2 

Cultural: Free enterprise 

philosophy 5 5 

Demograpliic: 

Population growth I I 

Aflluencc I 3 

Dejiire for convenience. , . 3 3 
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packager can choose, and many ways in wliicli 
he can combine them. 

The highly developed technology of converting 
raw material into packaging U a barrier to 
actions desigaed to proiiioto Balvage and reuse. 
Production technology in packaging has evolved 
around raw-materlal resources. Much of the 
packaging industries^ production, marketing, and 
acquisition activities reflects this raw* materials 
orientation. 

To promote the use of secondary material??, 
it is necessary to reorient user industries from a 
virgin materials focus to a secondary materials 
focus. Understandable resistance to such efforts 
can 1)6 anticipated since heavy investments in 
plant, eciuipment, and land have been and are 
being made to process virgin stocks. In the glass 
and pa|>er industries, also, plants have been 
located with reference to raw materials sources, 
not with reference to secondary materials genera- 
tion points. Secondary materials thus suffer from 
locational drawbacks along with having techno- 
logical demerits. 

In addition to the two lechno-economic barriers 
discussed, there are others which have already 
been covered in earlier parts of this report, 
specifically the "contamination" of packaging 
wastes, the low price of secondary materials, 
and the trends toward package type multipli- 
cation and continued proliferation of exotie 
material marriages. 

Socioeconomic Barriers 

Perhaps the most important socio-economic 
fact, which acts as a barrier to the control of 
packaging, is the pervasive nature of this activity 
in U.S. economic affairs. Packaging touches 
virtually all aspects of our economic life. 

Since packaging reaches into all areas of dis« 
tribution — barring only shipment of certain bulk 
commodities — it is difficult to intervene in one 
area of packaging without disrupting one or 
more others, thereby possibly creating new dis- 
posal problems and necessitating further control. 
If^ for instance, plastic coatings and all-plastic 
containers were to be outlawed, a variety of 
prwlucts now packaged in paper may appear in 
the market place in glass, metal, metal-coated 
paper containers or using more durable coatings 
than plastics. Certain product configurations 
would disappear, e.g., translucent, pliable sham- 



poo tubings. Heavy investments in plastic ex- 
trusion, shrink-wrapping, blow-molding, and 
other machinery would be idled. Merchandising 
practices would undergo a transformation as 
fdm 'Wrapped pro<lucts would be eliminated, and 
millions would be spent redesigning satisfactory 
existing packages. FMastics prices would drop 
precipitously as idle capacity would be created. 
Certain firms would be forced out of business or 
into new ventures. Similar effects would result 
from any other, or any degree, of regulation. 

What the complexity of packaging means, in 
effect, is that it is difTicult to predict the results 
of intervention with any degree of accuracy. 
Consequently, a great deal of money would have 
to be spent to prepare studies in adequate depth 
and detail to be used as justification for legisla- 
tive action whose outcome would l)e doubtful. 
When such activity is viewc<l in the light of the 
percentage of total waste that packaging rep- 
resents, control of packaging may appear the 
most costly and least practical of several 
alternatives. 

A second socioeconomic barrier is the intimate 
relationship between packaging and self-service 
merchandising. Packaging in its modern form 
is largely a response to the needs of such mer- 
chandising. Packaging provides the ingredients 
of display, demonstration, communication, and 
salesmanship which are missing in stores with 
a minimum of clerks. It also supports innovative 
new product merchandising by providing adequate 
protection for new types of food and chemical 
products. 

Any serious attempt to reduce the absolute 
quantity of packaging used and to improve the 
salvability or disposabihly of containers will 
necessarily interfere with the free and natural 
selection of materials for packaging. A regulatory 
agency could not take into consideration — 
because it could not measure — the intangible 
([ualities that containers give to products on 
sale. Consequently, regulatory measures would 
necessarily have to disregard a vital packaging 
function, communication. 

Self-service merchandising also implies con- 
venience to the consumer, a lower selling cost 
to the merchant by reason of lower labor inputs, 
and consequently lower prices. Regulated changes 
in packaging may reduce package costs by 
reducing packaging material use, but they may 
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ultimately cause an upward shift of product 
price by indirectly increasing selling costs. This 
would be an undesirable result of regulatory 
change, which would have to be justified by 
corresponding savings in disposal. Neilher price 
deteriorations nor savings in disposal^ however^ 
appear to be predictable. 

Cultural Barrier^ 

Tlie United States is the home of a volun- 
taristic society based on the concept of free 
enterprise action in the economic sphere. This 
ist perhaps, the fundamental difficulty as concerns 
government action aimed at packaging. 

The role of govern men tt in our society, has 
been essentially passive in the economic realm- 
passive certainly in comparison with the roles 
played by governments in less voluntaristic 
societies. 

Government regulation of commerce has been 
restricted largely to consumer protection from 
health and safely hazards and deceptive practices, 
the protection of free competition, and the like. 
With the exception of minimum wage laws and 
wartime legislation, the Federal Government 
has not intervened to regulate industry in order 
to eliminate diseconomies except where the 
health and safety of the population were threat- 
ened. Air pollution legislation is an example of 
intervention justified by health threats. 

On the other hand, government does engage 
and is presently active in the development of 
new technology, either directly or by subsidy, 
on the grounds tliat the private sector either 
cannot or will not develop a particular, desirable 
technology. Defense -related developments fall 



into this category, but such activities as research 
and demonstration work in desalination, educa- 
tional television, and the development of a 
supersonic commercial aircraft are not strictly 
linked with maintenance of the nation *8 military 
posture. Public Health Service grants to munic- 
ipalities for the demonstration of new disposal 
technology are yet another example of government 
support of new developments. 

While these latter activities exist, we do not 
find any instance of government regulation of 
industry aimed at easing the economic plight of a 
private group external to the industry being reg- 
ulated. Regulation of packaging to assist waste 
disposal agencies is precisely such a situation. 

We emphasize the words ''economic" and "ex- 
ternal.'* Minimum wage legislation is an example 
of legislation aimed at the betterment of the 
economic conditions of wage earners within indus- 
try. Air pollution control regulations benefit 
groups external to an industry, but their justifica- 
tion is not in the econoMic but in the health 
sphere. 

Demographic Barriers 

In the sense that there will be a need for more 
products to feed, clothe, shelter, and entertain a 
growing population, packaging will grow; and 
thus population increase is a basic barrier to any 
effort at reducing the quantity of packaging ma- 
terials which will enter the waste stream. 

Equally important are other trends which may 
be classed as either demographic, cultural, or 
socio-economic, but which we include here. Two 
of these are growing affluence and more leisure 
(Tables 101 and 102). 



Table 101. — Index of disposable persona! income and per capita personal consumption expenditures on selected items • 

11960-1001 

1960 1961 1962 1963 1964 1965 1966 



Dispotable personal income/family 

Per capita personal consumption expenditures: 

Jewelry and watches 

Recreation 

Foreign travel , 

Religious and welfare activities 



* B«M4l oa rurrest doU«r«. 
thii. Surt^^/ Current Butinta. 47(7), lulf 1967. 

Source: U.S. D«ptrttnetil of Commerce, OlKc« of BusmeM Ecooomk*. 
n« Nocwftol Ineottf and Prodwi ^ccoiiaIi »/ tK% VnUtd Stotct, 1929- 



100 


103 


107 


in 


119 


127 


136 


100 


101 


108 


IH 


126 


135 


157 


100 


107 


112 


121 


134 


144 


157 


100 


101 


110 


123 


129 


144 


155 


100 


102 


104 


106 


112 


116 


125 



1965. WuiuQfton^ D.C, 1966. U.S. Dtputcatat at Commerce. 8ur««a 
of tbe CtMui. Cwftnt PcpuUuion Refxtrti. Serie* P-SS, No. $72. Waih- 
iDftOD, D.a, I967« Mniwrtt Rr««arcb lfi*litut«. 
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Table \02,-'Eitimates of atvrage uwk uwfc and length of ideation per year by major occupatianal groups: I960 and 1976 



I960 



1976 



Major occup«tjon«) <roup 



llou/f vaeiUoi". 
worked per jttt 

pfr week Oeo«lJi 
in week a) 



Professional 

Managek'ft, ofHciald* and proprietora. 

Clerical workers 

Sales M'orkers 

Craftsmen 

Operatives 

Service workers. 

Farmers 

Laborers 

Total, all groups 



Uoura raeatioo 
worked pe» f ear 

per week Oe&Slb 
in week a) 



38.5 


2.8 


35.5 


3.8 


47.4 


2.9 


43.8 


3.2 


36.0 


2.0 


33.0 


3.0 


36.6 


1.7 


33. 6 


2.5 


38.9 


2. 1 


35. 9 


2.8 


38.2 


J. 9 


35.0 


2.4 


35.0 


1.3 


31.0 


2.4 


44.5 


.7 


41.0 


.8 


34 2 


1,4 


3L4 


2.2 


38.5 


2.0 


35.4 


2.8 



Source: Outdoor g«<wrcea Review Commiuion. Pro j^ion* to the Y^r$ 1976 and ZOOOi Economic GroutA, Pcpu!otion%, Labor Force, and 

l^mreand Tr€tn$pcriation, ORRRC Report 23. V«»hin$ton, D.C.« 1962. p. 59, 72, i r > ^ *m 



These forces at work in our economy to bring a 
higher living standard combine to support a 
growth in packaging by supplying the wherewithal 
to purchase goods, by creating a demand for con- 
venience» by removing the need for thrift and the 
motives for salvage, and by creating resistance to 
unpleasant chores and disciplines which are per- 
ceived as unnecessary, e.g., separating waste com- 
ponents, compacting of wastes, returning deposit- 
type bottle, and the like. 

Such attitudes are barriers to government 
action in that popular support of regulation 
cannot be expected to materialize. 

Recommendations 

On the basis of the above evaluation of mecha- 
nisms, it is recommended that the Public Health 
Service: 

(1) Undertake a comprehensive analysis of the 
secondary materials industries as a preliminary 
step to the formulation of a policy and program 
which will result in increased use of waste materials 
by industry. Such analysis would defme, among 
other things, the technological requirements and 
economic conditions necessary to increase waste 
materials use. 

(2) Formulate policies and develop a funding 
program to support industrial, association, and /or 
public (federal, state, or local) development and 
construction of devices and systems for the prep- 



aration, handling, and processing of secondary 
materials. 

(3) Initiate programs in conjunction with in- 
dustry and/or industry associations to encourage 
the adoption of materials acceptable for reuse. 

(4) Take the initiative in the development of an 
automated waste separation process. First step 
in this direction would be an investigation of the 
state of the art of sensing instrumentation. 

(5) Plan and conduct meetings on various levels 
which would involve packaging executives, de- 
signers, engineers, materials producers, and associ- 
ations from industry; and local and state waste 
disposal agency operators. The objectives would 
be to establish a useful forum for information 
exchange, to familiarize each group with the 
problems of the other, and to stimulate useful 
exploration of actions that each may take. 

(6) Kstablish a Solid Waste Technology In- 
formation Center either on a free or subscription 
basis, aimed at State and local disposal agencies, 
waste handling equipment makers and process 
designers, and other organizations exploring or 
interested in new or advanced methods of waste 
handling. Such a Center could be built on the basis 
of the Solid Waste Information Retrieval System 
(SWIRS) now under development by the Office 
of Information of the Bureau of Solid Waste 
Management. 
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(7) Cooperale with private groups in tlie 
development of consumer and industrial educa- 
ttonal programs to increase awareness of the 
dimensions of solid w a^te generation and handling. 
These could be in the form of iurorniativo pnhlica- 
tions, use of audio-visual ami otlier media, and 
would inc4|idc furnishing information ahout avail- 
ability of sucli programs. 

(8) Form an interagency task force or study 
group involving the staffs of other federal agencies 
whicli have an influence on packaging to familiar- 
ize them with the Bureau of Solid Waste Man- 
agement mission; and to establish design criteria 
or specifications aimed at more acceptable 
packaging from a solid waste view|>oint. A part 
of this would include use of federal purchasing 
criteria to bring about desirable changes in 
packaging of products purchased by and for 
federal agencies. 

(9) Conduct or support a study to determine 
the feasibility, desirability, and necessity of a 
packaging use tax on the basis of "disposal re* 
sislance" as developed in this report, 
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Tabck 103. — Calculation of disposal resistance index: 1976 * 

fcharr — ^ — ' Tolil 

I"**" Valu*' Index V*luf Index Value Index Value Index ^ 

Paper and papcrboard 0. 5686 150 15.352 170 12.566 100 36.390 230 1.308 200 4 549 70 165 

1296 '^0 11.197 160 2.696 100 8.294 460 .596 240 1 2tt 24 027 

1832 490 16.158 160 3.811 100 11.724 360 . 660 2.S0 1 832 34 185 

^1 210 2.574 270 2.390 100 4.358 180 .123 450 L 226 10 671 

^1«**'^» 0482 310 2.690 290 1.817 100 3.084 180 . 231 330 636 8 458 

0023 190 .079 120 .036 100 .147 180 .004 250 023 289 



'I'ota* 1.0000 48.050 23.316 , 63.997 2.922 

• Malerial market thare timet proceia ihare t\me* value -Index. Source: Midweil Rr»««rch Inslhute. 
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. Op^ndump L4Qd6IJ tnclofritton Compocting S«Uif«, t«u««, aad 

Product Shire of ooavexiioa 

Valu* ^ Ind«i f Value *» Indtx « Value Index • Vi!ue ^ ladei < Value ladex • 



(^ntainerboard. . 

Folcliog boxboard 

Special foodboard . . 

Set 'Up boxboard 

Tube and can stock 

Drum ftlock 

Wrapping paper 

Shipping ftackft 

Bag paper, 

Converting paper 

Glassine, greaseproof 

Coaled prtnling paper. . . . 

Book paper 

Tissue paper 

Pulp, pressed and molded. 

Total 

Index number 





iw. u 






u 


1 Ai ^ 

Ivl, 0 


\0(i (\ 

u 


fA. O 


^oU. U 




1 C.A A 


74. a 


1 J. 1 




1 1 1 




A 

u 


10. 0 


lOV. u 


Z <• Z 


loU. U 




Leo, U 


4 


, U ^0 


inn n 


7 A. 


1 1 ^ 
lid. 


A 

u 


ft 7 


IRQ n 


i t, 4 


1 QA A 


1 ^ 7 


ceo. U 


17 1 

W. 1 




iUU. v 


0 0 


1 ID. 


A 

V 




loV. u 


1 0 
4. c 


loU- u 


i A 

4. U 




C A 

5. 0 


.016 


100,0 


1.6 


210 


0 


3, 4 


2ai,o 


3 3 


260,0 


4.2 


250,0 


4.0 


,005 


100. 0 


.5 


290. 


0 


1,5 


289.0 


1.4 


280,0 


1.4 


250.0 


1.3 


.025 


100.0 


2.5 


115. 


0 


2.9 


189.0 


4.7 


180,0 


4.5 


225.0 


5.6 


. 039 


100. 0 


3. 9 


115. 


0 


V. 5 


189. 0 


7. 4 


180.0 


7.0 


225.0 


8.8 


.067 


100,0 


6,7 


115, 


0 


7.7 


189.0 


12 7 


180.0 


12, 1 


225.0 


15.1 


.aie 


100.0 


4.8 


115, 


0 


5.5 


114,0 


5,5 


260.0 


12.5 


425.0 


20.4 


.008 


100.0 


.8 


240. 


0 


1.9 


114.0 


,9 


180.0 


1.4 


372.0 


3.0 


.015 


lOO.O 


1.5 


130. 


0 


2.0 


106.0 


1.6 


260.0 


3.9 


372.0 


5,6 


^021 


100. 0 


2. 1 


115. 


d 


2.4 


106.0 


2.2 


100.0 


3.8 


372.0 


9.8 


.009 


100.0 


.9 


115. 


0 


1,0 


114.0 


1.0 


100. 0 


.0 


275.0 


2.5 


.010 


100.0 


1.0 


115. 


0 


1.2 


189.0 


1.9 


100.0 


1.0 


275.0 


2.8 


1.000 




100.0 
100. 0 






163.3 
160.0 




152,3 
150.0 




225. 0 
230,0 




205.7 
210,0 















* On the biiaa of lonDage share. e Index ii derived by mulliplring ahare of lotal market br value number. 

^ Vaiuei e«tcuUled from Table 30 uatng the weighted average of factora _ ^ « ■ . 

uaed for each dupo«at proceM. Open dumping carriea ihe value of 100 Source: Mid»,fe*l Reaearch Inatitute. 
throu(tioul. 

Table 106. — Disposabiliiy resistance calculations: paper and paperhoard% 1976 

Open dump Landfill Ineioeratton Compoatlo^ Salva4e« rcuae« lad 

Product SbAteof cootetaJon 



total * 



.Value 


ladex « 


Valui 


. b 


Index « 


Value b 


Index ■ 


Value b 


ladex * 


Valge 


Index < 


100. 


0 


55. 


0 


205. 


0 


112.7 


129.0 


71.0 


260.0 


143,0 


150.0 


82.5 


100. 


0 


12. 


9 


115. 


0 


14.8 


189.0 


24.4 


180.0 


23.2 


225.0 


29.0 


100, 


0 


8. 


3 


115. 


0 


9.5 


189. 0 


15.7 


180.0 


14.9 


225.0 


18.7 


100. 


0 


1. 


3 


115. 


0 


1,5 


189,0 


2.5 


180.0 


2,3 


225.0 


2.9 


100. 


0 


1. 


4 


210. 


0 


2.9 


204, 0 


2.9 


260.0 


3.6 


250.0 


3.5 


100. 


0 




4 


290. 


0 


1.2 


289.0 


1.2 


280.0 


1. 1 


250.0 


1,0 


100. 


0 


2. 


1 


il5. 


0 


2.4 


89.0 


4.0 


180.0 


3.8 


225.0 


4.7 


100. 


0 


3, 


1 


115, 


0 


3.6 


189.0 


5.9 


180.0 


5.6 


225.0 


7.0 


100. 


0 


7. 


3 


115. 


0 


8.4 


189.0 


13.8 


180.0 


13. 1 


225.0 


16. 4 


100. 


0 


2. 


8 


115. 


0 


3.2 


114.0 


3.2 


260.0 


7.3 


425.0 


11.9 


100. 


0 




7 


240. 


0 


1.7 


114.0 


.8 


180.0 


1.3 


372,0 


2,6 


100. 


0 


1. 


5 


130. 


0 


2. 1 


106,0 


1.7 


260.0 


4.2 


372.0 


6.0 


100, 


0 


1. 


9 


115. 


0 


2.2 


106.0 


2. 0 


180,0 


3.4 


372,0 


7.1 


100. 


0 




5 


115. 


0 


.6 


114.0 


.6 


100,0 


.5 


275.0 


1.4 


100. 


0 




8 


lis. 


0 


.9 


189.0 


1,5 


100.0 


,8 


275.0 


2,2 



Folding boxboard 129 

Special foodboard 083 

Set'up boxboard 013 

Tube and can stock 014 

Drum slock . , 001 

Wrapping paper 02 1 

Shipping sacks 030 

Bag paper 073 

Converting paper. 028 

Glassine, greaseproof 007 

Coated printing paper . 016 

Book paper 019 

Tissue paper 005 

Pulp, pressed and molded . 008 



. Tolat. 1.000 100,0 167.7 151.2 228.1 196.9 

Index ntimber 100.0 170.0 150.0 230,0 200.0 



• On the baaift of tonnage ahare. * Index ia demed by muhiptyirg ahare of lotal mark el by value number. 

VaWacakulattd from Table 30 usinn vhe wtifthttd average of {actor ^ », . . - 

Mfted for each diapo«al procea*> Open dumping c*m>a the vafue of 100 Source: .MkJ treat Heaeafch Inaittule. 
throughout. 
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total » 



Op«n dump 



UDdfiU 



Incin«r«tiMi 



Compel U A« Salvn gt, reui^, *nd 
coorw»k>n 



V«ltf-i J* IfiJes * V*lu< i> rndei • Value b Inde% * Vtlue b fod«s • Vaju« b fnd«s • 



Sle«l canA, 

Atuminum cans and ends, . , . . . 
Ck>IUpsib)e tubes. . . . ... 

Rigid aluminuni foil containers. 

Alumtoum /oil eon verted . 

Steel drums and pails. ... 

Metal strapping. 

Gaft cylinders 

Metal caps. , . . 

Metal crowns 



Total... 
Index Number. 



0. 723 


100.0 


72.3 


130. 0 


94.0 


476. 0 


344.1 


460.0 


332.6 


250. 0 


180.8 


.023 


100. 0 


2 3 


145.0 


3.3 


486.0 


11.2 


460.0 


10.6 


250.0 


5 8 


.002 


100. 0 


.2 


145.0 


.3 


476. u 


1.0 


460.0 


.9 


500.0 


1.0 


.006 


100.0 


.6 


145.0 


.9 


486.0 


2.9 


480.0 


2 9 


iSO.O 


1.5 


.019 


100.0 


1.9 


145. 0 


2.8 


476.0 


9.0 


480.0 


9. 1 


400.0 


7. 6 


. 115 


100.0 


11.5 


290.0 


33.4 


486.0 


55.9 


480.0 


55.2 


100.0 


11.5 


,056 


100.0 


5.6 


370. 0 


20.7 


486.0 


27. 2 


480.0 


26.9 


100.0 




,008 


100.0 


.8 


450.0 


3.6 


496.0 


4.0 


480. 0 


3.8 


400,0 


3.2 


.018 


100 . 0 


1.8 


130.0 


2.3 


476.0 


8.6 


460.0 


8.3 


500.0 


9.0 


.029 


100.0 


2.9 


130.0 


3.8 


476.0 




460.0 


13.3 


500.0 


14.5 












1.000 




99,9 




165. 1 




463 9 
460. 0 




463.6 
460.0 




240. 5 
240.0 






100.0 




170.0 









^ On the haili of toonagt iltJir^. 

^ Value* calcuUfed from Tib|« 33 uiUig lh« we{|bt«d averift of factoca 
UKd fof <ach diipotal proceai. Open dumping caH<a tb< value ot 100 
tliroatbout. 



< Index laderW^ by muUiplyini sbare of total market by value number. 
Source: Midweat Reaearch Inatilute. 



Table 109.— DisposabUity resistance catculatwn: Metals, 1976 



Product 



$2iare of 
total * 



Sieel cans 

Aluminum cans and ends 

Collapsible tubes 

Rigid alutninum foil containers . 

Aluminum foil converted 

Steel drums and paila 

Metal strapping 

Gas cylinderu 

Metal caps 

Metal crowns. 



Total... 
Index number. 



1.000 



Open Juro;,) 



UrtdBll 



Incineration 



Coropoatin^ S«lf«se» teuact a ad 
converaion 



Value'' Index* Value** Index* Valued Index* Valued Indei • Valued Index* 



0. 679 
.083 
.001 
.009 
.028 
.093 
.059 
.007 
.019 
.022 



100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 



67.9 
8.3 
.1 
.9 
2.8 
9.3 
5.9 
.7 
1.9 
2.2 



130.0 
145.0 
145. 0 
145. 0 
145. 0 
290.0 
370.0 
450.0 
130.0 
130.0 



88.3 
12.0 
. 1 
1.3 
4. 1 
27.0 
21.8 
3.2 
2.5 
2.9 



476. 0 
486.0 
476.0 
486.0 
476. 0 
486. 0 
486.0 
496.0 
476. 0 
476.0 



323.2 
40.3 
.5 
1.4 
13.3 
45.2 
28. 7 
3.5 
9.0 
10.5 



460.0 
460.0 
460.0 
480.0 
480.0 
480.0 
480.0 
480.0 
460.0 
460.0 



312.3 
38.2 
.5 
4.3 
13.4 
44. 6 
28.3 
3.4 
8.7 
10,1 



250.0 
250.0 
500.0 
250.0 
400.0 
100.0 
100. 0 
400.0 
500.0 
500.0 



169. C 
20.8 
.5 
2.3 
11.2 
9.3 
5.9 
2.8 
9.5 
11.0 



100.0 163.2 

100.0 160.0 



478.6 463.8 243. 1 

480.0 460.0 240.0 



• On tb« baaij of toantfe ibare. 

b Value* calculated from Table 33 using the vrci^btcd averafe of factor* 
Uftcd foe each dUpoaal proceia. Open dumploi catriet tbe talue of lOO 
throuibout. 



« Index if derived by rauUiplying ahare of total market by value number. 
Source: Midwcot Reaearch tnatUute. 
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Optn dump LandfiJt tnctneralion Coropottinc 

Y«^"« * • ^ •^"^ ^ In4<x • V«liie ^ Irtde* • V«!o« >> Indtit • Value * tndtx « 





0.367 


100. 0 


36.7 


160.0 


S8,7 


4B6.0 


178.4 


360.0 


132. 1 


250.0 


91,8 






100»0 


8.5 


160.0 


13 6 


'486.0 


41.3 


360.0 


30.6 


150.0 


12.8 




.325 


100.0 


32.5 


160,0 


52.0 


486,0 


158.0 


360,0 


117.0 


250.0 


81.3 


Drug and cosmetic containers. . . 


. 196 


100.0 


19.6 


160.0 


31.4 


4fl6,0 


95.3 


560.0 


70.6 


250.0 


49.0 


Household and industrial con- 


























.027 


100.0 


2.7 


160.0 


4.5 


486,0 


13.6 


360.0 


10. 1 


250.0 


7.0 


Total 


LOOO 




100.0 
100.0 




160.2 
160.0 




486.6 
490.0 




360.4 
360.0 




241.9 
240.0 





























*■ On the bk«S« of tonnage atitre. 

b Va!ufi t»kaUted from Table 3d a$\ng the v/tlthted average otfactort 
uftcd for nch ditpoaa) pro<ea«. Open dumpiog carrUi the vaW of 100 
llirougboiit. 



• Inde* ia derived b> muhipl/ingahare of total market by value numWr. 
Sovurei .Midwttt Recearch tii»titu<e. 



}*roduct 



Tabie 112. — Disposahility resiitance <:akulaU0n: Ghss, 1976 



Share of 
totat • 



Open dump 



Incine ration 



Com poa ling 



Salvage* reuM, and 



Value ^> Index' Value ^ fndex « Value •> Ud<% • Value •> tndem ^ Valued Index' 



Food containers . . 0. 279 100. 0 27, 9 

Returnable bottles . , 036 100. 0 3.6 

Non-returnable bottW. , . . , 550 100. 0 55, 0 

Dtug« and cosmetic conlamera. . . 126 100. 0 12. 6 
Household and indua trial ' 

containers 009 100.0 .9 

Tola) i.OOO 100. 0 

Index number 100. 0 



160,0 
160.0 
160.0 
160.0 

160.0 



U.6 
5,8 
88,0 
20,2 



486.0 
486.0 
486.0 
486,0 



135.6 
17.5 

267.3 
61.2 



360.0 
360,0 
360,0 
360.0 



100.4 
13.0 

198.0 
45.4 



250.0 
150.0 
250.0 
iiSO.O 



.4 486.0 4.4 360.0 3.2 250,0 



69.8 
5.4 
137. 5 
31.5 

2.3 



160, 0 486. 0 360. 0 246. 5 

160.0 490.0 ....... 360.0 ....... 250.0 



• On the baiia of tonnage aha re. * tndei ii derived hv multjplying abare d( total marltct by value number. 

^ Valuea ealculated from Table 36 wunf the neigbled average of faclon Source: Midw eit Rea*arch tnatiiute. 
uaed for eacb dUpoaal proceas. Open dumping carriei the value of 100 
tbrougboui. 
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Tablk IH.'—DisfwsQbitity res{slQnci*cQ{cuIation: U'oody 



IVoduct Sfajteof 

total • - 



O^Ddump landfill lodi\*r«lkir\ Compotling S»Un%xtu*e, tnd 



Valup Iftde* * Vulutf *» [ndet » V«lu« Index" V«lu« »> Itidt* • Value Udti • 



NaUed boxed. . 0.808 100.0 80.8 275.0 222.2 204.0 8 180.0 H5. i 150,0 363.6 

Wrrebounilbom .155 100,0 15.5 275.0 t2. 6 204.0 31.6 180. 0 27. 9 450.0 69,8 

TJghl coopf rage. 007 100, 0 .7 275. 0 1.9 549. 0 3. 8 220 0 1 5 300. 0 2. 1 

Slack cooperage. 022 100. 0 2.2 275.0 6.1 549.0 12.1 220,0 4.8 450,0 9.9 

Veneer packaged..... .008 lOO.O .8 115.0 .9 204 0 1,6 180.0 1.4 450.0 3.6 

Tolal 1. 000 lOO.O .,. . 273.7 213.9 181.0 i49. 0 

Index number, 270,0 210,0 180.0 450,0 

• On \he baiU of *onn»«« ^b*'*- , , . , ^ * Ind<» i» dmved by multiplying »hare of lota) market by ralue number, 

^ > alueft calculated from fable 39 ualng the weighled average of faciofa , , , , 

uied for each di»po«al pcoceii. Open damping rarrlei the value o( {00 bovtce: Mtdwril Heaearch Inititute. 

throughout 



Tablb 115, — Disposabiliiy resistance calculation: ff 'oorf, 1976 



Troduct 



Share of 
total » 



Oj^en dump 



Undfitl 



lnclnerat1(Hi 



Compoating Salvage, reuae, and 
c<»iv<riion 



Value Index • Value ^ Index « Value ^ Index * Value ^ Index • Value ^ Index • 



Xaiied boxes, , 0.828 100.0 82.8 275.0 227.7 204.0 168.9 180.0 149.0 450.0 372.6 

Wifebound boxea .142 100. 0 14. 2 275. 0 39. 1 20», 0 29, 0 180. 0 25. 6 450. 0 63, 9 

Tighl cooperage .003 100, 0 , 3 275. 0 , 8 549, 0 1.6 220. 0 , 7 300. 0 .9 

Slack cooperage, 023 100. 0 2.3 275,0 6,3 549.0 12.6 220.0 5.1 450.0 10.4 

Veneer packages. , .004 100.0 .4 115,0 5 2at 0 . 8 180.0 . 7 450.0 1.8 



Total.. , 
Index number. 



1.000 100,0 , , 274. 4 ... ... 212.9 181,0 449.6 

100,0 270.0 .. .... 210.0 180,0 450.0 



Index ti derived by mulllplying thare of total market bv value number. 
Source: MidMcat Reaearch Inatituta. 



^ On the batia of tonnege abare. 
Valuei cal^tated from TaWe 39 uimg the weighted average of factoei 
used for each*Wepo**l proceta. Open dumping carriei the value of IDO 
ihroughout. 
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Product 



Table ill, ---DisposabUUy resistance caiaJathn: Piastics, 1966 



Open dump 



Undfili 



IddnftaUon 



Vttue Icid«t • Value*' ind<» • VtW* lnd««.VaWe^ Udex • Value ^ Inde« V 



Plastic films. 

Bottin and lubes. ..... 

Other piaslic containers. 
Plastic closures 



0.599 
.217 
145 
.039 



100.0 
100.0 
100. 0 
100.0 



59.9 
2K7 
14.5 
3.9 



245.0 
32S.O 
325.0 
245.0 



146.8 
70.5 
47. I 
9.6 



266.0 
351,0 
351.0 
346.0 



159,3 
76.2 
50.9 
13.5 



480.0 
480.0 
480.0 
500.0 



287.5 
104.2 
69.6 
19.5 



325 0 194.7 
325.0 70.5 

325.0 47.1 
500.0 19.5 



Total. 1. 000 100. 0 .... 274. 0 ; . . 299. 9 . 480. 8 .... . 331. 8 

Indexnumber.. ...... 100.0 270.0 300.0 .480.0 ...... 330.0 



« On tb« batU of tonaafe ihare. 

^ Valuea ca1cuUl«d from Table 42 ufting the weisbted Average of faclora 
uied foe each diipowl proccu. Open duraptng carriea tbe value of 100 
tbrou|bout. 



« Irtdet ii derived by tnultiptylngabare of total naarkelbjr value number. 
Sourc«: Midweat Reaearch IiuUlute. 



Table 118. — Disposability raistance calculation: Plastics^ 1976 



Product 



Share o( 
total • — 



Open dump 



t^nd&U 



laciiLtratioa 



Satvage, reoae^and 
coareraion 



Value Index* Value ^ Udex « Valued Indei « Valued Index* Valued fades* 



Plastic films.,....,. 0.465 100. 0 46.5 245.0 113.9 266.0 123.7 480.0 223.2 325.0 151.1 

Bottles and lubes 224 100.0 22.4 325.0 72.8 351.0 78.6 480.0 107.5 325.0 72.8 

Other plasUc com aincrs 278 100. 0 27.8 325.0 90.4 351.0 97,6 480.0 133.4 325.0 90.4 

Plastic closures 033 100. 0 3. 3 245. 0 8. I 346. 0 1 1, 4 500. 0 16. 5 500. 0 16. 5 



Total... 1.000 lOO.O 

Index number 100. 0 



285.2 ....... 311.3 480.6 

290.0 310.0 480.0 



330.8 
330.0 



• On the baaia of tonnage »bAre. 

b Value* calculated from Table i2 using Ibe weighted average of factora 
UMii for each di«poMl proceu, Open dumptng carrSfa the value of 100 
Ihrougfaout. 



' indtx it d<^Lved hy multiplying ihare of total marVrl by va!ue number. 
Source: Midwecf Retcarch fnatitute. 
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'^'^^ti&\20.--!HsposQbinty resistance caicu^^ 



Frodutl Sh.reof ^ptndump Unm Itjcinerilloo CompotUag S*I»t|e, re«*e, and 

loiti • — — ^ . cooyccit oo 



■ ' J O mo 100.0 120.0 120.0 190.0 11)0.0 180.0 1B0.O 2S0,O 2S0 0 

me^Uxule bagB..... 1.0 100.0 100.0 120.0 120.0 190.0 190.0 180.0 180. 0 250. 0 0 



tti^ for Mch dxipo«il pfocm. Op*ii dtmptof etrriw tli« value of 100 Re««*rch Iwtitute. 

Uirouibout. 
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